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We deduce a fully analytical model to predict the artifacts of the measuring device handles in Single
Molecule Force Spectroscopy experiments. As we show, neglecting the effects of the handle stiffness
can lead to crucial overestimation or underestimation of the stability properties and transition
thresholds of macromolecules.
I. INTRODUCTION
The mechanical response of molecules represents a cru-
cial topic in Biomechanics, Biology, Medicine and Mate-
rial Engineering [1]. As explicit examples we may refer
to the morphogenesis of the neuronal network [2], to the
influence of contour instabilities in tumor growth [3], to
the misfolding of the α-synuclein protein in Parkinson’s
disease [4], to the gene transcription in DNA [5, 6] and
to folding/unfolding processes in RNA [7].
The breakthrough that opened up the possibility of
investigating the force response at the molecular level
can be addressed to Single Molecule Force Spectroscopy
(SMFS) techniques. An outstanding innovation in the
last decades delivered high-precision instruments such as
Atomic Force Microscopes (AFM), optical tweezers, mag-
netic tweezers, and micro-needles [8] letting the possi-
bility of unreached precision micro and nano scale me-
chanical experiments. Being characterized by very dif-
ferent operational ranges of spatial resolution, stiffness,
displacement and probe size, the choice of the instrument
depends on the specific application [9]. For instance,
AFM experiments are adopted for macromolecule pulling
and interaction tests [10, 11] whereas optical tweezers are
better suited for DNA synthesis analysis [12].
The deduction of detailed properties of the complex
energy landscape of macromolecules is probably one the
most interesting opportunity allowed by SMFS experi-
ments. This is due to the possibility of considering dif-
ferent loading directions and rates, enabling the analysis
of the relative stability of the multiple metastable con-
figurations [13]. Nevertheless, to attain effective results,
several fundamental questions still need to be analyzed,
going from a detailed definition of the force direction [14]
to the analysis of loading rate effects [15, 16].
However, the most important issue, on which this pa-
per is focussed, concerns the strong influence of the han-
dling device stiffness on the experimental response [17],
an aspect often underestimated or even neglected. In-
deed, as it will be clear in the following, the finite value
of the cantilever stiffness of an AFM can induce a wrong
estimation of both the dissipated energy and the unfold-
ing force thresholds, leading to important discrepancies
between the theoretical vs experimental forces [18] and
transition rates [19, 20]. Indeed, since the adopted SMFS
devices are characterized by a device stiffness differing of
several order of magnitude [8], the analysis of this effect
cannot be neglected.
Our aim is the deduction of an analytical descrip-
tion, in the framework of equilibrium Statistical Mechan-
ics [21], of the experimental device influence in the whole
range of its stiffnesses on a macromolecule undergoing a
two-states transition. While our approach and analytical
results are general, as a paradigmatic example we refer
to the fundamental case of AFM induced unfolding ex-
periments in bio-macromolecules such as titin [22, 23].
In this case the molecules are characterized by domains
undergoing a conformational (folded→ unfolded) transi-
tion [24]. We remark that our model is restricted to the
rate of loading such that the behavior is rate-independent
[25]. Kramer’s type approaches have been adopted to
deduce that in the rate-dependent regime the unfolding
force logarithmically grows with the rate of loading[26].
Specifically, following [27–31], in this paper we consider
an energy-based approach where we describe the unfold-
ing macromolecule as a chain of bistable elements [32]
with a two-wells elastic energy (called folded and unfolded
states) and, to get explicit analytical results, we assume
that the element behavior inside each well is Gaussian.
This approximation is acceptable as far as the extension
of the molecule is much shorter than the contour length
both in the folded and unfolded configuration. Of course
more general models can be considered in accordance
with the molecule under investigation, but this would
allow only for numerical results. As important examples
we recall that a Freely Jointed Chain (FJC) energy was
ar
X
iv
:1
90
6.
12
34
1v
1 
 [c
on
d-
ma
t.s
of
t] 
 28
 Ju
n 2
01
9
2PRODUCED BY AN AUTODESK STUDENT VERSION
P
R
O
D
U
C
E
D
 B
Y
 A
N
 A
U
T
O
D
E
S
K
 S
T
U
D
E
N
T
 V
E
R
S
IO
N
PRODUCED BY AN AUTODESK STUDENT VERSION
P
R
O
D
U
C
E
D
 B
Y
 A
N
 A
U
T
O
D
E
S
K
 S
T
U
D
E
N
T
 V
E
R
S
IO
N
PRODUCED BY AN AUTODESK STUDENT VERSION
P
R
O
D
U
C
E
D
 B
Y
 A
N
 A
U
T
O
D
E
S
K
 S
T
U
D
E
N
T
 V
E
R
S
IO
N
PRODUCED BY AN AUTODESK STUDENT VERSION
P
R
O
D
U
C
E
D
 B
Y
 A
N
 A
U
T
O
D
E
S
K
 S
T
U
D
E
N
T
 V
E
R
S
IO
N
PRODUCED BY AN AUTODESK STUDENT VERSION
P
R
O
D
U
C
E
D
 B
Y
 A
N
 A
U
T
O
D
E
S
K
 S
T
U
D
E
N
T
 V
E
R
S
IO
N
PRODUCED BY AN AUTODESK STUDENT VERSION
P
R
O
D
U
C
E
D
 B
Y
 A
N
 A
U
T
O
D
E
S
K
 S
T
U
D
E
N
T
 V
E
R
S
IO
N
  = 0
<latexit sha1_base64="AqGd4+223rctfdRl4gCVR2NflQI=">AAAB+nicbVC7TsNAEDyHVwiv ACXNiQiJKrIREjRIETSUQSIPKbGi9WWTnHJ+6G6NFJn8BC1UdIiWn6HgX7CNC0iYajSzq50dL1LSkG1/WqWV1bX1jfJmZWt7Z3evun/QNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5veZH7nAbWRYXBP swhdH8aBHEkBlErdvphIfsXtQbVm1+0cfJk4BamxAs1B9as/DEXsY0BCgTE9x47ITUCTFArnlX5sMAIxhTH2UhqAj8ZN8rxzfhIboJBHqLlUPBfx90YCvjEz30snfaCJWfQy8T+vF9Po0k1kEMWEgcgO kVSYHzJCy7QI5EOpkQiy5MhlwAVoIEItOQiRinHaTCXtw1n8fpm0z+qOXXfuzmuN66KZMjtix+yUOeyCNdgta7IWE0yxJ/bMXqxH69V6s95/RktWsXPI/sD6+AZU/5OM</latexit><latexit sha1_base64="AqGd4+223rctfdRl4gCVR2NflQI=">AAAB+nicbVC7TsNAEDyHVwiv ACXNiQiJKrIREjRIETSUQSIPKbGi9WWTnHJ+6G6NFJn8BC1UdIiWn6HgX7CNC0iYajSzq50dL1LSkG1/WqWV1bX1jfJmZWt7Z3evun/QNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5veZH7nAbWRYXBP swhdH8aBHEkBlErdvphIfsXtQbVm1+0cfJk4BamxAs1B9as/DEXsY0BCgTE9x47ITUCTFArnlX5sMAIxhTH2UhqAj8ZN8rxzfhIboJBHqLlUPBfx90YCvjEz30snfaCJWfQy8T+vF9Po0k1kEMWEgcgO kVSYHzJCy7QI5EOpkQiy5MhlwAVoIEItOQiRinHaTCXtw1n8fpm0z+qOXXfuzmuN66KZMjtix+yUOeyCNdgta7IWE0yxJ/bMXqxH69V6s95/RktWsXPI/sD6+AZU/5OM</latexit><latexit sha1_base64="AqGd4+223rctfdRl4gCVR2NflQI=">AAAB+nicbVC7TsNAEDyHVwiv ACXNiQiJKrIREjRIETSUQSIPKbGi9WWTnHJ+6G6NFJn8BC1UdIiWn6HgX7CNC0iYajSzq50dL1LSkG1/WqWV1bX1jfJmZWt7Z3evun/QNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5veZH7nAbWRYXBP swhdH8aBHEkBlErdvphIfsXtQbVm1+0cfJk4BamxAs1B9as/DEXsY0BCgTE9x47ITUCTFArnlX5sMAIxhTH2UhqAj8ZN8rxzfhIboJBHqLlUPBfx90YCvjEz30snfaCJWfQy8T+vF9Po0k1kEMWEgcgO kVSYHzJCy7QI5EOpkQiy5MhlwAVoIEItOQiRinHaTCXtw1n8fpm0z+qOXXfuzmuN66KZMjtix+yUOeyCNdgta7IWE0yxJ/bMXqxH69V6s95/RktWsXPI/sD6+AZU/5OM</latexit><latexit sha1_base64="AqGd4+223rctfdRl4gCVR2NflQI=">AAAB+nicbVC7TsNAEDyHVwiv ACXNiQiJKrIREjRIETSUQSIPKbGi9WWTnHJ+6G6NFJn8BC1UdIiWn6HgX7CNC0iYajSzq50dL1LSkG1/WqWV1bX1jfJmZWt7Z3evun/QNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5veZH7nAbWRYXBP swhdH8aBHEkBlErdvphIfsXtQbVm1+0cfJk4BamxAs1B9as/DEXsY0BCgTE9x47ITUCTFArnlX5sMAIxhTH2UhqAj8ZN8rxzfhIboJBHqLlUPBfx90YCvjEz30snfaCJWfQy8T+vF9Po0k1kEMWEgcgO kVSYHzJCy7QI5EOpkQiy5MhlwAVoIEItOQiRinHaTCXtw1n8fpm0z+qOXXfuzmuN66KZMjtix+yUOeyCNdgta7IWE0yxJ/bMXqxH69V6s95/RktWsXPI/sD6+AZU/5OM</latexit>
  = 1
<latexit sha1_base64="lef7Luij4uPCDrzGLUASC4o7h/Q=">AAAB+nicbVC7TsNAEDyHVwiv ACXNiQiJKrIREjRIETSUQSIPKbGi9WWTnHJ+6G6NFJn8BC1UdIiWn6HgX7CNC0iYajSzq50dL1LSkG1/WqWV1bX1jfJmZWt7Z3evun/QNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5veZH7nAbWRYXBP swhdH8aBHEkBlErdvphIfsWdQbVm1+0cfJk4BamxAs1B9as/DEXsY0BCgTE9x47ITUCTFArnlX5sMAIxhTH2UhqAj8ZN8rxzfhIboJBHqLlUPBfx90YCvjEz30snfaCJWfQy8T+vF9Po0k1kEMWEgcgO kVSYHzJCy7QI5EOpkQiy5MhlwAVoIEItOQiRinHaTCXtw1n8fpm0z+qOXXfuzmuN66KZMjtix+yUOeyCNdgta7IWE0yxJ/bMXqxH69V6s95/RktWsXPI/sD6+AZWjpON</latexit><latexit sha1_base64="lef7Luij4uPCDrzGLUASC4o7h/Q=">AAAB+nicbVC7TsNAEDyHVwiv ACXNiQiJKrIREjRIETSUQSIPKbGi9WWTnHJ+6G6NFJn8BC1UdIiWn6HgX7CNC0iYajSzq50dL1LSkG1/WqWV1bX1jfJmZWt7Z3evun/QNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5veZH7nAbWRYXBP swhdH8aBHEkBlErdvphIfsWdQbVm1+0cfJk4BamxAs1B9as/DEXsY0BCgTE9x47ITUCTFArnlX5sMAIxhTH2UhqAj8ZN8rxzfhIboJBHqLlUPBfx90YCvjEz30snfaCJWfQy8T+vF9Po0k1kEMWEgcgO kVSYHzJCy7QI5EOpkQiy5MhlwAVoIEItOQiRinHaTCXtw1n8fpm0z+qOXXfuzmuN66KZMjtix+yUOeyCNdgta7IWE0yxJ/bMXqxH69V6s95/RktWsXPI/sD6+AZWjpON</latexit><latexit sha1_base64="lef7Luij4uPCDrzGLUASC4o7h/Q=">AAAB+nicbVC7TsNAEDyHVwiv ACXNiQiJKrIREjRIETSUQSIPKbGi9WWTnHJ+6G6NFJn8BC1UdIiWn6HgX7CNC0iYajSzq50dL1LSkG1/WqWV1bX1jfJmZWt7Z3evun/QNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5veZH7nAbWRYXBP swhdH8aBHEkBlErdvphIfsWdQbVm1+0cfJk4BamxAs1B9as/DEXsY0BCgTE9x47ITUCTFArnlX5sMAIxhTH2UhqAj8ZN8rxzfhIboJBHqLlUPBfx90YCvjEz30snfaCJWfQy8T+vF9Po0k1kEMWEgcgO kVSYHzJCy7QI5EOpkQiy5MhlwAVoIEItOQiRinHaTCXtw1n8fpm0z+qOXXfuzmuN66KZMjtix+yUOeyCNdgta7IWE0yxJ/bMXqxH69V6s95/RktWsXPI/sD6+AZWjpON</latexit><latexit sha1_base64="lef7Luij4uPCDrzGLUASC4o7h/Q=">AAAB+nicbVC7TsNAEDyHVwiv ACXNiQiJKrIREjRIETSUQSIPKbGi9WWTnHJ+6G6NFJn8BC1UdIiWn6HgX7CNC0iYajSzq50dL1LSkG1/WqWV1bX1jfJmZWt7Z3evun/QNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5veZH7nAbWRYXBP swhdH8aBHEkBlErdvphIfsWdQbVm1+0cfJk4BamxAs1B9as/DEXsY0BCgTE9x47ITUCTFArnlX5sMAIxhTH2UhqAj8ZN8rxzfhIboJBHqLlUPBfx90YCvjEz30snfaCJWfQy8T+vF9Po0k1kEMWEgcgO kVSYHzJCy7QI5EOpkQiy5MhlwAVoIEItOQiRinHaTCXtw1n8fpm0z+qOXXfuzmuN66KZMjtix+yUOeyCNdgta7IWE0yxJ/bMXqxH69V6s95/RktWsXPI/sD6+AZWjpON</latexit>
0
<latexit sha1_ base64="C9ClTawu3A9ymDk2Ed utZA/dw68=">AAAB83icbVC7Ts NAEDyHVwivACXNiQiJKrJRJCgj 0VAmEnlIiRWtL5twyvls3a2RIi tfQAsVHaLlgyj4F+zgAhKmGs3s amcniJW05LqfTmljc2t7p7xb2ds /ODyqHp90bZQYgR0Rqcj0A7Cop MYOSVLYjw1CGCjsBbPb3O89orE y0vc0j9EPYarlRAqgTGq7o2rNr btL8HXiFaTGCrRG1a/hOBJJiJq EAmsHnhuTn4IhKRQuKsPEYgxiB lMcZFRDiNZPl0EX/CKxQBGP0XCp +FLE3xsphNbOwyCbDIEe7KqXi/ 95g4QmN34qdZwQapEfIqlwecgK I7MGkI+lQSLIkyOXmgswQIRGch AiE5OskkrWh7f6/TrpXtU9t+61 G7Vmo2imzM7YObtkHrtmTXbHWq zDBEP2xJ7Zi5M4r86b8/4zWnKKn VP2B87HNxIbkSs=</latexit><latexit sha1_ base64="C9ClTawu3A9ymDk2Ed utZA/dw68=">AAAB83icbVC7Ts NAEDyHVwivACXNiQiJKrJRJCgj 0VAmEnlIiRWtL5twyvls3a2RIi tfQAsVHaLlgyj4F+zgAhKmGs3s amcniJW05LqfTmljc2t7p7xb2ds /ODyqHp90bZQYgR0Rqcj0A7Cop MYOSVLYjw1CGCjsBbPb3O89orE y0vc0j9EPYarlRAqgTGq7o2rNr btL8HXiFaTGCrRG1a/hOBJJiJq EAmsHnhuTn4IhKRQuKsPEYgxiB lMcZFRDiNZPl0EX/CKxQBGP0XCp +FLE3xsphNbOwyCbDIEe7KqXi/ 95g4QmN34qdZwQapEfIqlwecgK I7MGkI+lQSLIkyOXmgswQIRGch AiE5OskkrWh7f6/TrpXtU9t+61 G7Vmo2imzM7YObtkHrtmTXbHWq zDBEP2xJ7Zi5M4r86b8/4zWnKKn VP2B87HNxIbkSs=</latexit><latexit sha1_ base64="C9ClTawu3A9ymDk2Ed utZA/dw68=">AAAB83icbVC7Ts NAEDyHVwivACXNiQiJKrJRJCgj 0VAmEnlIiRWtL5twyvls3a2RIi tfQAsVHaLlgyj4F+zgAhKmGs3s amcniJW05LqfTmljc2t7p7xb2ds /ODyqHp90bZQYgR0Rqcj0A7Cop MYOSVLYjw1CGCjsBbPb3O89orE y0vc0j9EPYarlRAqgTGq7o2rNr btL8HXiFaTGCrRG1a/hOBJJiJq EAmsHnhuTn4IhKRQuKsPEYgxiB lMcZFRDiNZPl0EX/CKxQBGP0XCp +FLE3xsphNbOwyCbDIEe7KqXi/ 95g4QmN34qdZwQapEfIqlwecgK I7MGkI+lQSLIkyOXmgswQIRGch AiE5OskkrWh7f6/TrpXtU9t+61 G7Vmo2imzM7YObtkHrtmTXbHWq zDBEP2xJ7Zi5M4r86b8/4zWnKKn VP2B87HNxIbkSs=</latexit><latexit sha1_ base64="C9ClTawu3A9ymDk2Ed utZA/dw68=">AAAB83icbVC7Ts NAEDyHVwivACXNiQiJKrJRJCgj 0VAmEnlIiRWtL5twyvls3a2RIi tfQAsVHaLlgyj4F+zgAhKmGs3s amcniJW05LqfTmljc2t7p7xb2ds /ODyqHp90bZQYgR0Rqcj0A7Cop MYOSVLYjw1CGCjsBbPb3O89orE y0vc0j9EPYarlRAqgTGq7o2rNr btL8HXiFaTGCrRG1a/hOBJJiJq EAmsHnhuTn4IhKRQuKsPEYgxiB lMcZFRDiNZPl0EX/CKxQBGP0XCp +FLE3xsphNbOwyCbDIEe7KqXi/ 95g4QmN34qdZwQapEfIqlwecgK I7MGkI+lQSLIkyOXmgswQIRGch AiE5OskkrWh7f6/TrpXtU9t+61 G7Vmo2imzM7YObtkHrtmTXbHWq zDBEP2xJ7Zi5M4r86b8/4zWnKKn VP2B87HNxIbkSs=</latexit>
1
<latexit sha1_ base64="kLKRW6IJdMOqNjbzWS 1obrUDIso=">AAAB83icbVC7Ts NAEDyHVwivACXNiQiJKrJRJCgj 0VAmEnlIiRWtL5twyvls3a2RIi tfQAsVHaLlgyj4F+zgAhKmGs3s amcniJW05LqfTmljc2t7p7xb2ds /ODyqHp90bZQYgR0Rqcj0A7Cop MYOSVLYjw1CGCjsBbPb3O89orE y0vc0j9EPYarlRAqgTGp7o2rNr btL8HXiFaTGCrRG1a/hOBJJiJq EAmsHnhuTn4IhKRQuKsPEYgxiB lMcZFRDiNZPl0EX/CKxQBGP0XCp +FLE3xsphNbOwyCbDIEe7KqXi/ 95g4QmN34qdZwQapEfIqlwecgK I7MGkI+lQSLIkyOXmgswQIRGch AiE5OskkrWh7f6/TrpXtU9t+61 G7Vmo2imzM7YObtkHrtmTXbHWq zDBEP2xJ7Zi5M4r86b8/4zWnKKn VP2B87HNxOqkSw=</latexit><latexit sha1_ base64="kLKRW6IJdMOqNjbzWS 1obrUDIso=">AAAB83icbVC7Ts NAEDyHVwivACXNiQiJKrJRJCgj 0VAmEnlIiRWtL5twyvls3a2RIi tfQAsVHaLlgyj4F+zgAhKmGs3s amcniJW05LqfTmljc2t7p7xb2ds /ODyqHp90bZQYgR0Rqcj0A7Cop MYOSVLYjw1CGCjsBbPb3O89orE y0vc0j9EPYarlRAqgTGp7o2rNr btL8HXiFaTGCrRG1a/hOBJJiJq EAmsHnhuTn4IhKRQuKsPEYgxiB lMcZFRDiNZPl0EX/CKxQBGP0XCp +FLE3xsphNbOwyCbDIEe7KqXi/ 95g4QmN34qdZwQapEfIqlwecgK I7MGkI+lQSLIkyOXmgswQIRGch AiE5OskkrWh7f6/TrpXtU9t+61 G7Vmo2imzM7YObtkHrtmTXbHWq zDBEP2xJ7Zi5M4r86b8/4zWnKKn VP2B87HNxOqkSw=</latexit><latexit sha1_ base64="kLKRW6IJdMOqNjbzWS 1obrUDIso=">AAAB83icbVC7Ts NAEDyHVwivACXNiQiJKrJRJCgj 0VAmEnlIiRWtL5twyvls3a2RIi tfQAsVHaLlgyj4F+zgAhKmGs3s amcniJW05LqfTmljc2t7p7xb2ds /ODyqHp90bZQYgR0Rqcj0A7Cop MYOSVLYjw1CGCjsBbPb3O89orE y0vc0j9EPYarlRAqgTGp7o2rNr btL8HXiFaTGCrRG1a/hOBJJiJq EAmsHnhuTn4IhKRQuKsPEYgxiB lMcZFRDiNZPl0EX/CKxQBGP0XCp +FLE3xsphNbOwyCbDIEe7KqXi/ 95g4QmN34qdZwQapEfIqlwecgK I7MGkI+lQSLIkyOXmgswQIRGch AiE5OskkrWh7f6/TrpXtU9t+61 G7Vmo2imzM7YObtkHrtmTXbHWq zDBEP2xJ7Zi5M4r86b8/4zWnKKn VP2B87HNxOqkSw=</latexit><latexit sha1_ base64="kLKRW6IJdMOqNjbzWS 1obrUDIso=">AAAB83icbVC7Ts NAEDyHVwivACXNiQiJKrJRJCgj 0VAmEnlIiRWtL5twyvls3a2RIi tfQAsVHaLlgyj4F+zgAhKmGs3s amcniJW05LqfTmljc2t7p7xb2ds /ODyqHp90bZQYgR0Rqcj0A7Cop MYOSVLYjw1CGCjsBbPb3O89orE y0vc0j9EPYarlRAqgTGp7o2rNr btL8HXiFaTGCrRG1a/hOBJJiJq EAmsHnhuTn4IhKRQuKsPEYgxiB lMcZFRDiNZPl0EX/CKxQBGP0XCp +FLE3xsphNbOwyCbDIEe7KqXi/ 95g4QmN34qdZwQapEfIqlwecgK I7MGkI+lQSLIkyOXmgswQIRGch AiE5OskkrWh7f6/TrpXtU9t+61 G7Vmo2imzM7YObtkHrtmTXbHWq zDBEP2xJ7Zi5M4r86b8/4zWnKKn VP2B87HNxOqkSw=</latexit>
. . .
<latexit sha1_base64="vdXrf H31/lV6ORQDnh5+YP+j/O4=">AAAB93icbVC7TsNAEDyHVwivACX NiQiJKrIREpSRaCiDRB5SYkXryyaccj5bd2ukyMo30EJFh2j5HAr +Bdu4gISpRjM72t0JYiUtue6nU1lb39jcqm7Xdnb39g/qh0ddGyVG YEdEKjL9ACwqqbFDkhT2Y4MQBgp7wewm93uPaKyM9D3NY/RDmGo5 kQIokzrDcUR2VG+4TbcAXyVeSRqsRHtU/8pyIglRk1Bg7cBzY/JT MCSFwkVtmFiMQcxgioOMagjR+mlx7IKfJRYo4jEaLhUvRPydSCG0d h4G2WQI9GCXvVz8zxskNLn2U6njhFCLfBFJhcUiK4zMWkA+lgaJI L8cudRcgAEiNJKDEJmYZLXUsj685e9XSfei6blN7+6y0bosm6myE 3bKzpnHrliL3bI26zDBJHtiz+zFmTuvzpvz/jNaccrMMfsD5+Mbn3 iTOQ==</latexit><latexit sha1_base64="vdXrf H31/lV6ORQDnh5+YP+j/O4=">AAAB93icbVC7TsNAEDyHVwivACX NiQiJKrIREpSRaCiDRB5SYkXryyaccj5bd2ukyMo30EJFh2j5HAr +Bdu4gISpRjM72t0JYiUtue6nU1lb39jcqm7Xdnb39g/qh0ddGyVG YEdEKjL9ACwqqbFDkhT2Y4MQBgp7wewm93uPaKyM9D3NY/RDmGo5 kQIokzrDcUR2VG+4TbcAXyVeSRqsRHtU/8pyIglRk1Bg7cBzY/JT MCSFwkVtmFiMQcxgioOMagjR+mlx7IKfJRYo4jEaLhUvRPydSCG0d h4G2WQI9GCXvVz8zxskNLn2U6njhFCLfBFJhcUiK4zMWkA+lgaJI L8cudRcgAEiNJKDEJmYZLXUsj685e9XSfei6blN7+6y0bosm6myE 3bKzpnHrliL3bI26zDBJHtiz+zFmTuvzpvz/jNaccrMMfsD5+Mbn3 iTOQ==</latexit><latexit sha1_base64="vdXrf H31/lV6ORQDnh5+YP+j/O4=">AAAB93icbVC7TsNAEDyHVwivACX NiQiJKrIREpSRaCiDRB5SYkXryyaccj5bd2ukyMo30EJFh2j5HAr +Bdu4gISpRjM72t0JYiUtue6nU1lb39jcqm7Xdnb39g/qh0ddGyVG YEdEKjL9ACwqqbFDkhT2Y4MQBgp7wewm93uPaKyM9D3NY/RDmGo5 kQIokzrDcUR2VG+4TbcAXyVeSRqsRHtU/8pyIglRk1Bg7cBzY/JT MCSFwkVtmFiMQcxgioOMagjR+mlx7IKfJRYo4jEaLhUvRPydSCG0d h4G2WQI9GCXvVz8zxskNLn2U6njhFCLfBFJhcUiK4zMWkA+lgaJI L8cudRcgAEiNJKDEJmYZLXUsj685e9XSfei6blN7+6y0bosm6myE 3bKzpnHrliL3bI26zDBJHtiz+zFmTuvzpvz/jNaccrMMfsD5+Mbn3 iTOQ==</latexit><latexit sha1_base64="vdXrf H31/lV6ORQDnh5+YP+j/O4=">AAAB93icbVC7TsNAEDyHVwivACX NiQiJKrIREpSRaCiDRB5SYkXryyaccj5bd2ukyMo30EJFh2j5HAr +Bdu4gISpRjM72t0JYiUtue6nU1lb39jcqm7Xdnb39g/qh0ddGyVG YEdEKjL9ACwqqbFDkhT2Y4MQBgp7wewm93uPaKyM9D3NY/RDmGo5 kQIokzrDcUR2VG+4TbcAXyVeSRqsRHtU/8pyIglRk1Bg7cBzY/JT MCSFwkVtmFiMQcxgioOMagjR+mlx7IKfJRYo4jEaLhUvRPydSCG0d h4G2WQI9GCXvVz8zxskNLn2U6njhFCLfBFJhcUiK4zMWkA+lgaJI L8cudRcgAEiNJKDEJmYZLXUsj685e9XSfei6blN7+6y0bosm6myE 3bKzpnHrliL3bI26zDBJHtiz+zFmTuvzpvz/jNaccrMMfsD5+Mbn3 iTOQ==</latexit> p
<latexit sha1_base64="qSGs4 UQL+lTTEXirSeH18bwkoEY=">AAAB83icbVC7SgNBFJ2NrxhfUUu bwSBYhV0JaBmwsUzAPCBZwuzkJg6ZnR1m7ghhyRfYamUntn6Qhf/ ibtxCE091OOde7rkn0lJY9P1Pr7SxubW9U96t7O0fHB5Vj0+6NnGG Q4cnMjH9iFmQQkEHBUroawMsjiT0otlt7vcewViRqHucawhjNlVi IjjDTGrrUbXm1/0l6DoJClIjBVqj6tdwnHAXg0IumbWDwNcYpsyg 4BIWlaGzoBmfsSkMMqpYDDZMl0EX9MJZhgnVYKiQdCnC742UxdbO4 yibjBk+2FUvF//zBg4nN2EqlHYIiueHUEhYHrLciKwBoGNhAJHly YEKRTkzDBGMoIzzTHRZJZWsj2D1+3XSvaoHfj1oN2rNRtFMmZyRc 3JJAnJNmuSOtEiHcALkiTyTF895r96b9/4zWvKKnVPyB97HN3XbkW s=</latexit><latexit sha1_base64="qSGs4 UQL+lTTEXirSeH18bwkoEY=">AAAB83icbVC7SgNBFJ2NrxhfUUu bwSBYhV0JaBmwsUzAPCBZwuzkJg6ZnR1m7ghhyRfYamUntn6Qhf/ ibtxCE091OOde7rkn0lJY9P1Pr7SxubW9U96t7O0fHB5Vj0+6NnGG Q4cnMjH9iFmQQkEHBUroawMsjiT0otlt7vcewViRqHucawhjNlVi IjjDTGrrUbXm1/0l6DoJClIjBVqj6tdwnHAXg0IumbWDwNcYpsyg 4BIWlaGzoBmfsSkMMqpYDDZMl0EX9MJZhgnVYKiQdCnC742UxdbO4 yibjBk+2FUvF//zBg4nN2EqlHYIiueHUEhYHrLciKwBoGNhAJHly YEKRTkzDBGMoIzzTHRZJZWsj2D1+3XSvaoHfj1oN2rNRtFMmZyRc 3JJAnJNmuSOtEiHcALkiTyTF895r96b9/4zWvKKnVPyB97HN3XbkW s=</latexit><latexit sha1_base64="qSGs4 UQL+lTTEXirSeH18bwkoEY=">AAAB83icbVC7SgNBFJ2NrxhfUUu bwSBYhV0JaBmwsUzAPCBZwuzkJg6ZnR1m7ghhyRfYamUntn6Qhf/ ibtxCE091OOde7rkn0lJY9P1Pr7SxubW9U96t7O0fHB5Vj0+6NnGG Q4cnMjH9iFmQQkEHBUroawMsjiT0otlt7vcewViRqHucawhjNlVi IjjDTGrrUbXm1/0l6DoJClIjBVqj6tdwnHAXg0IumbWDwNcYpsyg 4BIWlaGzoBmfsSkMMqpYDDZMl0EX9MJZhgnVYKiQdCnC742UxdbO4 yibjBk+2FUvF//zBg4nN2EqlHYIiueHUEhYHrLciKwBoGNhAJHly YEKRTkzDBGMoIzzTHRZJZWsj2D1+3XSvaoHfj1oN2rNRtFMmZyRc 3JJAnJNmuSOtEiHcALkiTyTF895r96b9/4zWvKKnVPyB97HN3XbkW s=</latexit><latexit sha1_base64="qSGs4 UQL+lTTEXirSeH18bwkoEY=">AAAB83icbVC7SgNBFJ2NrxhfUUu bwSBYhV0JaBmwsUzAPCBZwuzkJg6ZnR1m7ghhyRfYamUntn6Qhf/ ibtxCE091OOde7rkn0lJY9P1Pr7SxubW9U96t7O0fHB5Vj0+6NnGG Q4cnMjH9iFmQQkEHBUroawMsjiT0otlt7vcewViRqHucawhjNlVi IjjDTGrrUbXm1/0l6DoJClIjBVqj6tdwnHAXg0IumbWDwNcYpsyg 4BIWlaGzoBmfsSkMMqpYDDZMl0EX9MJZhgnVYKiQdCnC742UxdbO4 yibjBk+2FUvF//zBg4nN2EqlHYIiueHUEhYHrLciKwBoGNhAJHly YEKRTkzDBGMoIzzTHRZJZWsj2D1+3XSvaoHfj1oN2rNRtFMmZyRc 3JJAnJNmuSOtEiHcALkiTyTF895r96b9/4zWvKKnVPyB97HN3XbkW s=</latexit>
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<latexit sha1_base64="hGCb3Upa1qEUTbaa2uv3P8XeJXE=">A AAB83icbVC7TsNAEFyHVwivACXNiQiJKrJRJCgj0VAmEnlIiRWdL5twyvls3a2RIitfQAsVHaLlgyj4F+zgAhKmGs3samcniJW05LqfTm ljc2t7p7xb2ds/ODyqHp90bZQYgR0Rqcj0A25RSY0dkqSwHxvkYaCwF8xuc7/3iMbKSN/TPEY/5FMtJ1JwyqS2HlVrbt1dgq0TryA1KN AaVb+G40gkIWoSils78NyY/JQbkkLhojJMLMZczPgUBxnVPETrp8ugC3aRWE4Ri9EwqdhSxN8bKQ+tnYdBNhlyerCrXi7+5w0Smtz4qdR xQqhFfoikwuUhK4zMGkA2lgaJeJ4cmdRMcMOJ0EjGhcjEJKukkvXhrX6/TrpXdc+te+1GrdkominDGZzDJXhwDU24gxZ0QADCEzzDi5M4 r86b8/4zWnKKnVP4A+fjG3K9kWk=</latexit><latexit sha1_base64="hGCb3Upa1qEUTbaa2uv3P8XeJXE=">A AAB83icbVC7TsNAEFyHVwivACXNiQiJKrJRJCgj0VAmEnlIiRWdL5twyvls3a2RIitfQAsVHaLlgyj4F+zgAhKmGs3samcniJW05LqfTm ljc2t7p7xb2ds/ODyqHp90bZQYgR0Rqcj0A25RSY0dkqSwHxvkYaCwF8xuc7/3iMbKSN/TPEY/5FMtJ1JwyqS2HlVrbt1dgq0TryA1KN AaVb+G40gkIWoSils78NyY/JQbkkLhojJMLMZczPgUBxnVPETrp8ugC3aRWE4Ri9EwqdhSxN8bKQ+tnYdBNhlyerCrXi7+5w0Smtz4qdR xQqhFfoikwuUhK4zMGkA2lgaJeJ4cmdRMcMOJ0EjGhcjEJKukkvXhrX6/TrpXdc+te+1GrdkominDGZzDJXhwDU24gxZ0QADCEzzDi5M4 r86b8/4zWnKKnVP4A+fjG3K9kWk=</latexit><latexit sha1_base64="hGCb3Upa1qEUTbaa2uv3P8XeJXE=">A AAB83icbVC7TsNAEFyHVwivACXNiQiJKrJRJCgj0VAmEnlIiRWdL5twyvls3a2RIitfQAsVHaLlgyj4F+zgAhKmGs3samcniJW05LqfTm ljc2t7p7xb2ds/ODyqHp90bZQYgR0Rqcj0A25RSY0dkqSwHxvkYaCwF8xuc7/3iMbKSN/TPEY/5FMtJ1JwyqS2HlVrbt1dgq0TryA1KN AaVb+G40gkIWoSils78NyY/JQbkkLhojJMLMZczPgUBxnVPETrp8ugC3aRWE4Ri9EwqdhSxN8bKQ+tnYdBNhlyerCrXi7+5w0Smtz4qdR xQqhFfoikwuUhK4zMGkA2lgaJeJ4cmdRMcMOJ0EjGhcjEJKukkvXhrX6/TrpXdc+te+1GrdkominDGZzDJXhwDU24gxZ0QADCEzzDi5M4 r86b8/4zWnKKnVP4A+fjG3K9kWk=</latexit><latexit sha1_base64="hGCb3Upa1qEUTbaa2uv3P8XeJXE=">A AAB83icbVC7TsNAEFyHVwivACXNiQiJKrJRJCgj0VAmEnlIiRWdL5twyvls3a2RIitfQAsVHaLlgyj4F+zgAhKmGs3samcniJW05LqfTm ljc2t7p7xb2ds/ODyqHp90bZQYgR0Rqcj0A25RSY0dkqSwHxvkYaCwF8xuc7/3iMbKSN/TPEY/5FMtJ1JwyqS2HlVrbt1dgq0TryA1KN AaVb+G40gkIWoSils78NyY/JQbkkLhojJMLMZczPgUBxnVPETrp8ugC3aRWE4Ri9EwqdhSxN8bKQ+tnYdBNhlyerCrXi7+5w0Smtz4qdR xQqhFfoikwuUhK4zMGkA2lgaJeJ4cmdRMcMOJ0EjGhcjEJKukkvXhrX6/TrpXdc+te+1GrdkominDGZzDJXhwDU24gxZ0QADCEzzDi5M4 r86b8/4zWnKKnVP4A+fjG3K9kWk=</latexit> n+ 1
<latexit sha1_base64="c9Fk2yglsDIogEkvgZb2D1pFi0o=">A AAB9XicbVDLSgNBEJyNrxhfUY9eBoMgCGFXAnoMePEY0TwgWULvpBOHzM4uM71KWPIJXvXkTbz6PR78F3djDppYp6Kqm66uIFbSkut+Oo WV1bX1jeJmaWt7Z3evvH/QslFiBDZFpCLTCcCikhqbJElhJzYIYaCwHYyvcr/9gMbKSN/RJEY/hJGWQymAMulWn3n9csWtujPwZeLNSY XN0eiXv3qDSCQhahIKrO16bkx+CoakUDgt9RKLMYgxjLCbUQ0hWj+dRZ3yk8QCRTxGw6XiMxF/b6QQWjsJg2wyBLq3i14u/ud1Expe+qn UcUKoRX6IpMLZISuMzDpAPpAGiSBPjlxqLsAAERrJQYhMTLJSSlkf3uL3y6R1XvXcqndTq9Rr82aK7Igds1PmsQtWZ9eswZpMsBF7Ys/s xXl0Xp035/1ntODMdw7ZHzgf300Xkdk=</latexit><latexit sha1_base64="c9Fk2yglsDIogEkvgZb2D1pFi0o=">A AAB9XicbVDLSgNBEJyNrxhfUY9eBoMgCGFXAnoMePEY0TwgWULvpBOHzM4uM71KWPIJXvXkTbz6PR78F3djDppYp6Kqm66uIFbSkut+Oo WV1bX1jeJmaWt7Z3evvH/QslFiBDZFpCLTCcCikhqbJElhJzYIYaCwHYyvcr/9gMbKSN/RJEY/hJGWQymAMulWn3n9csWtujPwZeLNSY XN0eiXv3qDSCQhahIKrO16bkx+CoakUDgt9RKLMYgxjLCbUQ0hWj+dRZ3yk8QCRTxGw6XiMxF/b6QQWjsJg2wyBLq3i14u/ud1Expe+qn UcUKoRX6IpMLZISuMzDpAPpAGiSBPjlxqLsAAERrJQYhMTLJSSlkf3uL3y6R1XvXcqndTq9Rr82aK7Igds1PmsQtWZ9eswZpMsBF7Ys/s xXl0Xp035/1ntODMdw7ZHzgf300Xkdk=</latexit><latexit sha1_base64="c9Fk2yglsDIogEkvgZb2D1pFi0o=">A AAB9XicbVDLSgNBEJyNrxhfUY9eBoMgCGFXAnoMePEY0TwgWULvpBOHzM4uM71KWPIJXvXkTbz6PR78F3djDppYp6Kqm66uIFbSkut+Oo WV1bX1jeJmaWt7Z3evvH/QslFiBDZFpCLTCcCikhqbJElhJzYIYaCwHYyvcr/9gMbKSN/RJEY/hJGWQymAMulWn3n9csWtujPwZeLNSY XN0eiXv3qDSCQhahIKrO16bkx+CoakUDgt9RKLMYgxjLCbUQ0hWj+dRZ3yk8QCRTxGw6XiMxF/b6QQWjsJg2wyBLq3i14u/ud1Expe+qn UcUKoRX6IpMLZISuMzDpAPpAGiSBPjlxqLsAAERrJQYhMTLJSSlkf3uL3y6R1XvXcqndTq9Rr82aK7Igds1PmsQtWZ9eswZpMsBF7Ys/s xXl0Xp035/1ntODMdw7ZHzgf300Xkdk=</latexit><latexit sha1_base64="c9Fk2yglsDIogEkvgZb2D1pFi0o=">A AAB9XicbVDLSgNBEJyNrxhfUY9eBoMgCGFXAnoMePEY0TwgWULvpBOHzM4uM71KWPIJXvXkTbz6PR78F3djDppYp6Kqm66uIFbSkut+Oo WV1bX1jeJmaWt7Z3evvH/QslFiBDZFpCLTCcCikhqbJElhJzYIYaCwHYyvcr/9gMbKSN/RJEY/hJGWQymAMulWn3n9csWtujPwZeLNSY XN0eiXv3qDSCQhahIKrO16bkx+CoakUDgt9RKLMYgxjLCbUQ0hWj+dRZ3yk8QCRTxGw6XiMxF/b6QQWjsJg2wyBLq3i14u/ud1Expe+qn UcUKoRX6IpMLZISuMzDpAPpAGiSBPjlxqLsAAERrJQYhMTLJSSlkf3uL3y6R1XvXcqndTq9Rr82aK7Igds1PmsQtWZ9eswZpMsBF7Ys/s xXl0Xp035/1ntODMdw7ZHzgf300Xkdk=</latexit>
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<latexit sha1_base64="n4a3N w9MnZTLlOID01iZhjbpPvU=">AAAB+nicbVDLSgNBEOyNrxhfUY9 eBoPgKexKQC9CwIvHCOYByRJmJ51kyOyDmV4hrPkJr3ryJl79GQ/ +i7vrHjSxTkVVN11dXqSkIdv+tEpr6xubW+Xtys7u3v5B9fCoY8JY C2yLUIW653GDSgbYJkkKe5FG7nsKu97sJvO7D6iNDIN7mkfo+nwS yLEUnFKpNxBTya6ZPazW7Lqdg60SpyA1KNAaVr8Go1DEPgYkFDem 79gRuQnXJIXCRWUQG4y4mPEJ9lMacB+Nm+R5F+wsNpxCFqFmUrFcx N8bCfeNmfteOulzmpplLxP/8/oxja/cRAZRTBiI7BBJhfkhI7RMi 0A2khqJeJYcmQyY4JoToZaMC5GKcdpMJe3DWf5+lXQu6o5dd+4at WajaKYMJ3AK5+DAJTThFlrQBgEKnuAZXqxH69V6s95/RktWsXMMf2 B9fANQyZN+</latexit><latexit sha1_base64="n4a3N w9MnZTLlOID01iZhjbpPvU=">AAAB+nicbVDLSgNBEOyNrxhfUY9 eBoPgKexKQC9CwIvHCOYByRJmJ51kyOyDmV4hrPkJr3ryJl79GQ/ +i7vrHjSxTkVVN11dXqSkIdv+tEpr6xubW+Xtys7u3v5B9fCoY8JY C2yLUIW653GDSgbYJkkKe5FG7nsKu97sJvO7D6iNDIN7mkfo+nwS yLEUnFKpNxBTya6ZPazW7Lqdg60SpyA1KNAaVr8Go1DEPgYkFDem 79gRuQnXJIXCRWUQG4y4mPEJ9lMacB+Nm+R5F+wsNpxCFqFmUrFcx N8bCfeNmfteOulzmpplLxP/8/oxja/cRAZRTBiI7BBJhfkhI7RMi 0A2khqJeJYcmQyY4JoToZaMC5GKcdpMJe3DWf5+lXQu6o5dd+4at WajaKYMJ3AK5+DAJTThFlrQBgEKnuAZXqxH69V6s95/RktWsXMMf2 B9fANQyZN+</latexit><latexit sha1_base64="n4a3N w9MnZTLlOID01iZhjbpPvU=">AAAB+nicbVDLSgNBEOyNrxhfUY9 eBoPgKexKQC9CwIvHCOYByRJmJ51kyOyDmV4hrPkJr3ryJl79GQ/ +i7vrHjSxTkVVN11dXqSkIdv+tEpr6xubW+Xtys7u3v5B9fCoY8JY C2yLUIW653GDSgbYJkkKe5FG7nsKu97sJvO7D6iNDIN7mkfo+nwS yLEUnFKpNxBTya6ZPazW7Lqdg60SpyA1KNAaVr8Go1DEPgYkFDem 79gRuQnXJIXCRWUQG4y4mPEJ9lMacB+Nm+R5F+wsNpxCFqFmUrFcx N8bCfeNmfteOulzmpplLxP/8/oxja/cRAZRTBiI7BBJhfkhI7RMi 0A2khqJeJYcmQyY4JoToZaMC5GKcdpMJe3DWf5+lXQu6o5dd+4at WajaKYMJ3AK5+DAJTThFlrQBgEKnuAZXqxH69V6s95/RktWsXMMf2 B9fANQyZN+</latexit><latexit sha1_base64="n4a3N w9MnZTLlOID01iZhjbpPvU=">AAAB+nicbVDLSgNBEOyNrxhfUY9 eBoPgKexKQC9CwIvHCOYByRJmJ51kyOyDmV4hrPkJr3ryJl79GQ/ +i7vrHjSxTkVVN11dXqSkIdv+tEpr6xubW+Xtys7u3v5B9fCoY8JY C2yLUIW653GDSgbYJkkKe5FG7nsKu97sJvO7D6iNDIN7mkfo+nwS yLEUnFKpNxBTya6ZPazW7Lqdg60SpyA1KNAaVr8Go1DEPgYkFDem 79gRuQnXJIXCRWUQG4y4mPEJ9lMacB+Nm+R5F+wsNpxCFqFmUrFcx N8bCfeNmfteOulzmpplLxP/8/oxja/cRAZRTBiI7BBJhfkhI7RMi 0A2khqJeJYcmQyY4JoToZaMC5GKcdpMJe3DWf5+lXQu6o5dd+4at WajaKYMJ3AK5+DAJTThFlrQBgEKnuAZXqxH69V6s95/RktWsXMMf2 B9fANQyZN+</latexit>
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<latexit sha1_base64="5aq9c CSX4yyrl7GJoY+tkcH0rhM=">AAAB+nicbVDLSgNBEOyNrxhfUY9 eBoPgKexKQC9CwIvHCOYByRJmJ51kyOyDmV4hrPkJr3ryJl79GQ/ +i7vrHjSxTkVVN11dXqSkIdv+tEpr6xubW+Xtys7u3v5B9fCoY8JY C2yLUIW653GDSgbYJkkKe5FG7nsKu97sJvO7D6iNDIN7mkfo+nwS yLEUnFKpNxBTya6ZM6zW7Lqdg60SpyA1KNAaVr8Go1DEPgYkFDem 79gRuQnXJIXCRWUQG4y4mPEJ9lMacB+Nm+R5F+wsNpxCFqFmUrFcx N8bCfeNmfteOulzmpplLxP/8/oxja/cRAZRTBiI7BBJhfkhI7RMi 0A2khqJeJYcmQyY4JoToZaMC5GKcdpMJe3DWf5+lXQu6o5dd+4at WajaKYMJ3AK5+DAJTThFlrQBgEKnuAZXqxH69V6s95/RktWsXMMf2 B9fANSWJN/</latexit><latexit sha1_base64="5aq9c CSX4yyrl7GJoY+tkcH0rhM=">AAAB+nicbVDLSgNBEOyNrxhfUY9 eBoPgKexKQC9CwIvHCOYByRJmJ51kyOyDmV4hrPkJr3ryJl79GQ/ +i7vrHjSxTkVVN11dXqSkIdv+tEpr6xubW+Xtys7u3v5B9fCoY8JY C2yLUIW653GDSgbYJkkKe5FG7nsKu97sJvO7D6iNDIN7mkfo+nwS yLEUnFKpNxBTya6ZM6zW7Lqdg60SpyA1KNAaVr8Go1DEPgYkFDem 79gRuQnXJIXCRWUQG4y4mPEJ9lMacB+Nm+R5F+wsNpxCFqFmUrFcx N8bCfeNmfteOulzmpplLxP/8/oxja/cRAZRTBiI7BBJhfkhI7RMi 0A2khqJeJYcmQyY4JoToZaMC5GKcdpMJe3DWf5+lXQu6o5dd+4at WajaKYMJ3AK5+DAJTThFlrQBgEKnuAZXqxH69V6s95/RktWsXMMf2 B9fANSWJN/</latexit><latexit sha1_base64="5aq9c CSX4yyrl7GJoY+tkcH0rhM=">AAAB+nicbVDLSgNBEOyNrxhfUY9 eBoPgKexKQC9CwIvHCOYByRJmJ51kyOyDmV4hrPkJr3ryJl79GQ/ +i7vrHjSxTkVVN11dXqSkIdv+tEpr6xubW+Xtys7u3v5B9fCoY8JY C2yLUIW653GDSgbYJkkKe5FG7nsKu97sJvO7D6iNDIN7mkfo+nwS yLEUnFKpNxBTya6ZM6zW7Lqdg60SpyA1KNAaVr8Go1DEPgYkFDem 79gRuQnXJIXCRWUQG4y4mPEJ9lMacB+Nm+R5F+wsNpxCFqFmUrFcx N8bCfeNmfteOulzmpplLxP/8/oxja/cRAZRTBiI7BBJhfkhI7RMi 0A2khqJeJYcmQyY4JoToZaMC5GKcdpMJe3DWf5+lXQu6o5dd+4at WajaKYMJ3AK5+DAJTThFlrQBgEKnuAZXqxH69V6s95/RktWsXMMf2 B9fANSWJN/</latexit><latexit sha1_base64="5aq9c CSX4yyrl7GJoY+tkcH0rhM=">AAAB+nicbVDLSgNBEOyNrxhfUY9 eBoPgKexKQC9CwIvHCOYByRJmJ51kyOyDmV4hrPkJr3ryJl79GQ/ +i7vrHjSxTkVVN11dXqSkIdv+tEpr6xubW+Xtys7u3v5B9fCoY8JY C2yLUIW653GDSgbYJkkKe5FG7nsKu97sJvO7D6iNDIN7mkfo+nwS yLEUnFKpNxBTya6ZM6zW7Lqdg60SpyA1KNAaVr8Go1DEPgYkFDem 79gRuQnXJIXCRWUQG4y4mPEJ9lMacB+Nm+R5F+wsNpxCFqFmUrFcx N8bCfeNmfteOulzmpplLxP/8/oxja/cRAZRTBiI7BBJhfkhI7RMi 0A2khqJeJYcmQyY4JoToZaMC5GKcdpMJe3DWf5+lXQu6o5dd+4at WajaKYMJ3AK5+DAJTThFlrQBgEKnuAZXqxH69V6s95/RktWsXMMf2 B9fANSWJN/</latexit>
. . .
<latexit sha1_base64="vdXrf H31/lV6ORQDnh5+YP+j/O4=">AAAB93icbVC7TsNAEDyHVwivACX NiQiJKrIREpSRaCiDRB5SYkXryyaccj5bd2ukyMo30EJFh2j5HAr +Bdu4gISpRjM72t0JYiUtue6nU1lb39jcqm7Xdnb39g/qh0ddGyVG YEdEKjL9ACwqqbFDkhT2Y4MQBgp7wewm93uPaKyM9D3NY/RDmGo5 kQIokzrDcUR2VG+4TbcAXyVeSRqsRHtU/8pyIglRk1Bg7cBzY/JT MCSFwkVtmFiMQcxgioOMagjR+mlx7IKfJRYo4jEaLhUvRPydSCG0d h4G2WQI9GCXvVz8zxskNLn2U6njhFCLfBFJhcUiK4zMWkA+lgaJI L8cudRcgAEiNJKDEJmYZLXUsj685e9XSfei6blN7+6y0bosm6myE 3bKzpnHrliL3bI26zDBJHtiz+zFmTuvzpvz/jNaccrMMfsD5+Mbn3 iTOQ==</latexit><latexit sha1_base64="vdXrf H31/lV6ORQDnh5+YP+j/O4=">AAAB93icbVC7TsNAEDyHVwivACX NiQiJKrIREpSRaCiDRB5SYkXryyaccj5bd2ukyMo30EJFh2j5HAr +Bdu4gISpRjM72t0JYiUtue6nU1lb39jcqm7Xdnb39g/qh0ddGyVG YEdEKjL9ACwqqbFDkhT2Y4MQBgp7wewm93uPaKyM9D3NY/RDmGo5 kQIokzrDcUR2VG+4TbcAXyVeSRqsRHtU/8pyIglRk1Bg7cBzY/JT MCSFwkVtmFiMQcxgioOMagjR+mlx7IKfJRYo4jEaLhUvRPydSCG0d h4G2WQI9GCXvVz8zxskNLn2U6njhFCLfBFJhcUiK4zMWkA+lgaJI L8cudRcgAEiNJKDEJmYZLXUsj685e9XSfei6blN7+6y0bosm6myE 3bKzpnHrliL3bI26zDBJHtiz+zFmTuvzpvz/jNaccrMMfsD5+Mbn3 iTOQ==</latexit><latexit sha1_base64="vdXrf H31/lV6ORQDnh5+YP+j/O4=">AAAB93icbVC7TsNAEDyHVwivACX NiQiJKrIREpSRaCiDRB5SYkXryyaccj5bd2ukyMo30EJFh2j5HAr +Bdu4gISpRjM72t0JYiUtue6nU1lb39jcqm7Xdnb39g/qh0ddGyVG YEdEKjL9ACwqqbFDkhT2Y4MQBgp7wewm93uPaKyM9D3NY/RDmGo5 kQIokzrDcUR2VG+4TbcAXyVeSRqsRHtU/8pyIglRk1Bg7cBzY/JT MCSFwkVtmFiMQcxgioOMagjR+mlx7IKfJRYo4jEaLhUvRPydSCG0d h4G2WQI9GCXvVz8zxskNLn2U6njhFCLfBFJhcUiK4zMWkA+lgaJI L8cudRcgAEiNJKDEJmYZLXUsj685e9XSfei6blN7+6y0bosm6myE 3bKzpnHrliL3bI26zDBJHtiz+zFmTuvzpvz/jNaccrMMfsD5+Mbn3 iTOQ==</latexit><latexit sha1_base64="vdXrf H31/lV6ORQDnh5+YP+j/O4=">AAAB93icbVC7TsNAEDyHVwivACX NiQiJKrIREpSRaCiDRB5SYkXryyaccj5bd2ukyMo30EJFh2j5HAr +Bdu4gISpRjM72t0JYiUtue6nU1lb39jcqm7Xdnb39g/qh0ddGyVG YEdEKjL9ACwqqbFDkhT2Y4MQBgp7wewm93uPaKyM9D3NY/RDmGo5 kQIokzrDcUR2VG+4TbcAXyVeSRqsRHtU/8pyIglRk1Bg7cBzY/JT MCSFwkVtmFiMQcxgioOMagjR+mlx7IKfJRYo4jEaLhUvRPydSCG0d h4G2WQI9GCXvVz8zxskNLn2U6njhFCLfBFJhcUiK4zMWkA+lgaJI L8cudRcgAEiNJKDEJmYZLXUsj685e9XSfei6blN7+6y0bosm6myE 3bKzpnHrliL3bI26zDBJHtiz+zFmTuvzpvz/jNaccrMMfsD5+Mbn3 iTOQ==</latexit> n  1
<latexit sha1_base64="wp+28FCM/3TtDuG61mEz4f6DW2k=">A AAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGkaCMREMZBHlIiRWtL5twyvls3a1BkZVPoIWKDtHyPRT8C3ZIAQlTjWZ2tbMTxEpact1Pp7 Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AVhUUmOTJCnsxAYhDBS2g/FV7rcf0FgZ6TuaxOiHMNJyKAVQJt3qM69frrhVdwa+TLw5qb A5Gv3yV28QiSRETUKBtV3PjclPwZAUCqelXmIxBjGGEXYzqiFE66ezqFN+kligiMdouFR8JuLvjRRCaydhkE2GQPd20cvF/7xuQsNLP5U 6Tgi1yA+RVDg7ZIWRWQfIB9IgEeTJkUvNBRggQiM5CJGJSVZKKevDW/x+mbTOq55b9W5qlXpt3kyRHbFjdso8dsHq7Jo1WJMJNmJP7Jm9 OI/Oq/PmvP+MFpz5ziH7A+fjG1A3kds=</latexit><latexit sha1_base64="wp+28FCM/3TtDuG61mEz4f6DW2k=">A AAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGkaCMREMZBHlIiRWtL5twyvls3a1BkZVPoIWKDtHyPRT8C3ZIAQlTjWZ2tbMTxEpact1Pp7 Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AVhUUmOTJCnsxAYhDBS2g/FV7rcf0FgZ6TuaxOiHMNJyKAVQJt3qM69frrhVdwa+TLw5qb A5Gv3yV28QiSRETUKBtV3PjclPwZAUCqelXmIxBjGGEXYzqiFE66ezqFN+kligiMdouFR8JuLvjRRCaydhkE2GQPd20cvF/7xuQsNLP5U 6Tgi1yA+RVDg7ZIWRWQfIB9IgEeTJkUvNBRggQiM5CJGJSVZKKevDW/x+mbTOq55b9W5qlXpt3kyRHbFjdso8dsHq7Jo1WJMJNmJP7Jm9 OI/Oq/PmvP+MFpz5ziH7A+fjG1A3kds=</latexit><latexit sha1_base64="wp+28FCM/3TtDuG61mEz4f6DW2k=">A AAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGkaCMREMZBHlIiRWtL5twyvls3a1BkZVPoIWKDtHyPRT8C3ZIAQlTjWZ2tbMTxEpact1Pp7 Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AVhUUmOTJCnsxAYhDBS2g/FV7rcf0FgZ6TuaxOiHMNJyKAVQJt3qM69frrhVdwa+TLw5qb A5Gv3yV28QiSRETUKBtV3PjclPwZAUCqelXmIxBjGGEXYzqiFE66ezqFN+kligiMdouFR8JuLvjRRCaydhkE2GQPd20cvF/7xuQsNLP5U 6Tgi1yA+RVDg7ZIWRWQfIB9IgEeTJkUvNBRggQiM5CJGJSVZKKevDW/x+mbTOq55b9W5qlXpt3kyRHbFjdso8dsHq7Jo1WJMJNmJP7Jm9 OI/Oq/PmvP+MFpz5ziH7A+fjG1A3kds=</latexit><latexit sha1_base64="wp+28FCM/3TtDuG61mEz4f6DW2k=">A AAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGkaCMREMZBHlIiRWtL5twyvls3a1BkZVPoIWKDtHyPRT8C3ZIAQlTjWZ2tbMTxEpact1Pp7 Cyura+UdwsbW3v7O6V9w9aNkqMwKaIVGQ6AVhUUmOTJCnsxAYhDBS2g/FV7rcf0FgZ6TuaxOiHMNJyKAVQJt3qM69frrhVdwa+TLw5qb A5Gv3yV28QiSRETUKBtV3PjclPwZAUCqelXmIxBjGGEXYzqiFE66ezqFN+kligiMdouFR8JuLvjRRCaydhkE2GQPd20cvF/7xuQsNLP5U 6Tgi1yA+RVDg7ZIWRWQfIB9IgEeTJkUvNBRggQiM5CJGJSVZKKevDW/x+mbTOq55b9W5qlXpt3kyRHbFjdso8dsHq7Jo1WJMJNmJP7Jm9 OI/Oq/PmvP+MFpz5ziH7A+fjG1A3kds=</latexit>
Helmholtz
<latexit sha1_base64="HC/3R xtdI08X8jnsT+gLO8vHoJQ=">AAACBHicbVC7TsNAEDzzDOFloKQ 5ESFRRTZCQBmJJmWQyENKrOh82SSn3NnW3ToiWGn5Clqo6BAt/0H Bv2AbF5Aw1WhmVzs7fiSFQcf5tFZW19Y3Nktb5e2d3b19++CwZcJ Yc2jyUIa64zMDUgTQRIESOpEGpnwJbX9yk/ntKWgjwuAOZxF4io0 CMRScYSr1bbuHcI9JHaQahxIf5n274lSdHHSZuAWpkAKNvv3VG4Q 8VhAgl8yYrutE6CVMo+AS5uVebCBifMJG0E1pwBQYL8mTz+lpbBi GNAJNhaS5CL83EqaMmSk/nVQMx2bRy8T/vG6Mw2svEUEUIwQ8O4R CQn7IcC3SSoAOhAZEliUHKgLKmWaIoAVlnKdinHZUTvtwF79fJq3z qutU3duLSu2yaKZEjskJOSMuuSI1UicN0iScTMkTeSYv1qP1ar1Z 7z+jK1axc0T+wPr4Bjy3mJQ=</latexit><latexit sha1_base64="HC/3R xtdI08X8jnsT+gLO8vHoJQ=">AAACBHicbVC7TsNAEDzzDOFloKQ 5ESFRRTZCQBmJJmWQyENKrOh82SSn3NnW3ToiWGn5Clqo6BAt/0H Bv2AbF5Aw1WhmVzs7fiSFQcf5tFZW19Y3Nktb5e2d3b19++CwZcJ Yc2jyUIa64zMDUgTQRIESOpEGpnwJbX9yk/ntKWgjwuAOZxF4io0 CMRScYSr1bbuHcI9JHaQahxIf5n274lSdHHSZuAWpkAKNvv3VG4Q 8VhAgl8yYrutE6CVMo+AS5uVebCBifMJG0E1pwBQYL8mTz+lpbBi GNAJNhaS5CL83EqaMmSk/nVQMx2bRy8T/vG6Mw2svEUEUIwQ8O4R CQn7IcC3SSoAOhAZEliUHKgLKmWaIoAVlnKdinHZUTvtwF79fJq3z qutU3duLSu2yaKZEjskJOSMuuSI1UicN0iScTMkTeSYv1qP1ar1Z 7z+jK1axc0T+wPr4Bjy3mJQ=</latexit><latexit sha1_base64="HC/3R xtdI08X8jnsT+gLO8vHoJQ=">AAACBHicbVC7TsNAEDzzDOFloKQ 5ESFRRTZCQBmJJmWQyENKrOh82SSn3NnW3ToiWGn5Clqo6BAt/0H Bv2AbF5Aw1WhmVzs7fiSFQcf5tFZW19Y3Nktb5e2d3b19++CwZcJ Yc2jyUIa64zMDUgTQRIESOpEGpnwJbX9yk/ntKWgjwuAOZxF4io0 CMRScYSr1bbuHcI9JHaQahxIf5n274lSdHHSZuAWpkAKNvv3VG4Q 8VhAgl8yYrutE6CVMo+AS5uVebCBifMJG0E1pwBQYL8mTz+lpbBi GNAJNhaS5CL83EqaMmSk/nVQMx2bRy8T/vG6Mw2svEUEUIwQ8O4R CQn7IcC3SSoAOhAZEliUHKgLKmWaIoAVlnKdinHZUTvtwF79fJq3z qutU3duLSu2yaKZEjskJOSMuuSI1UicN0iScTMkTeSYv1qP1ar1Z 7z+jK1axc0T+wPr4Bjy3mJQ=</latexit><latexit sha1_base64="HC/3R xtdI08X8jnsT+gLO8vHoJQ=">AAACBHicbVC7TsNAEDzzDOFloKQ 5ESFRRTZCQBmJJmWQyENKrOh82SSn3NnW3ToiWGn5Clqo6BAt/0H Bv2AbF5Aw1WhmVzs7fiSFQcf5tFZW19Y3Nktb5e2d3b19++CwZcJ Yc2jyUIa64zMDUgTQRIESOpEGpnwJbX9yk/ntKWgjwuAOZxF4io0 CMRScYSr1bbuHcI9JHaQahxIf5n274lSdHHSZuAWpkAKNvv3VG4Q 8VhAgl8yYrutE6CVMo+AS5uVebCBifMJG0E1pwBQYL8mTz+lpbBi GNAJNhaS5CL83EqaMmSk/nVQMx2bRy8T/vG6Mw2svEUEUIwQ8O4R CQn7IcC3SSoAOhAZEliUHKgLKmWaIoAVlnKdinHZUTvtwF79fJq3z qutU3duLSu2yaKZEjskJOSMuuSI1UicN0iScTMkTeSYv1qP1ar1Z 7z+jK1axc0T+wPr4Bjy3mJQ=</latexit>
Gibbs
<latexit sha1_base64="iSnY8 koSuI1dc3AJ0bUYcbZbypI=">AAAB/nicbVC7TsNAEDyHVwivACX NiQiJKrIRAspIFFAGiTykxIrOl0045Xw+3a0RkRWJr6CFig7R8is U/Au2cQEJU41mdrWzE2gpLLrup1NaWl5ZXSuvVzY2t7Z3qrt7bRv FhkOLRzIy3YBZkEJBCwVK6GoDLAwkdILJZeZ37sFYEalbnGrwQzZ WYiQ4w1Tq9xEeMLkSQWBng2rNrbs56CLxClIjBZqD6ld/GPE4BIV cMmt7nqvRT5hBwSXMKv3YgmZ8wsbQS6liIVg/yTPP6FFsGUZUg6F C0lyE3xsJC62dhkE6GTK8s/NeJv7n9WIcXfiJUDpGUDw7hEJCfsh yI9IygA6FAUSWJQcqFOXMMEQwgjLOUzFO26mkfXjz3y+S9kndc+ve zWmtcVY0UyYH5JAcE4+ckwa5Jk3SIpxo8kSeyYvz6Lw6b877z2jJ KXb2yR84H99FWpZr</latexit><latexit sha1_base64="iSnY8 koSuI1dc3AJ0bUYcbZbypI=">AAAB/nicbVC7TsNAEDyHVwivACX NiQiJKrIRAspIFFAGiTykxIrOl0045Xw+3a0RkRWJr6CFig7R8is U/Au2cQEJU41mdrWzE2gpLLrup1NaWl5ZXSuvVzY2t7Z3qrt7bRv FhkOLRzIy3YBZkEJBCwVK6GoDLAwkdILJZeZ37sFYEalbnGrwQzZ WYiQ4w1Tq9xEeMLkSQWBng2rNrbs56CLxClIjBZqD6ld/GPE4BIV cMmt7nqvRT5hBwSXMKv3YgmZ8wsbQS6liIVg/yTPP6FFsGUZUg6F C0lyE3xsJC62dhkE6GTK8s/NeJv7n9WIcXfiJUDpGUDw7hEJCfsh yI9IygA6FAUSWJQcqFOXMMEQwgjLOUzFO26mkfXjz3y+S9kndc+ve zWmtcVY0UyYH5JAcE4+ckwa5Jk3SIpxo8kSeyYvz6Lw6b877z2jJ KXb2yR84H99FWpZr</latexit><latexit sha1_base64="iSnY8 koSuI1dc3AJ0bUYcbZbypI=">AAAB/nicbVC7TsNAEDyHVwivACX NiQiJKrIRAspIFFAGiTykxIrOl0045Xw+3a0RkRWJr6CFig7R8is U/Au2cQEJU41mdrWzE2gpLLrup1NaWl5ZXSuvVzY2t7Z3qrt7bRv FhkOLRzIy3YBZkEJBCwVK6GoDLAwkdILJZeZ37sFYEalbnGrwQzZ WYiQ4w1Tq9xEeMLkSQWBng2rNrbs56CLxClIjBZqD6ld/GPE4BIV cMmt7nqvRT5hBwSXMKv3YgmZ8wsbQS6liIVg/yTPP6FFsGUZUg6F C0lyE3xsJC62dhkE6GTK8s/NeJv7n9WIcXfiJUDpGUDw7hEJCfsh yI9IygA6FAUSWJQcqFOXMMEQwgjLOUzFO26mkfXjz3y+S9kndc+ve zWmtcVY0UyYH5JAcE4+ckwa5Jk3SIpxo8kSeyYvz6Lw6b877z2jJ KXb2yR84H99FWpZr</latexit><latexit sha1_base64="iSnY8 koSuI1dc3AJ0bUYcbZbypI=">AAAB/nicbVC7TsNAEDyHVwivACX NiQiJKrIRAspIFFAGiTykxIrOl0045Xw+3a0RkRWJr6CFig7R8is U/Au2cQEJU41mdrWzE2gpLLrup1NaWl5ZXSuvVzY2t7Z3qrt7bRv FhkOLRzIy3YBZkEJBCwVK6GoDLAwkdILJZeZ37sFYEalbnGrwQzZ WYiQ4w1Tq9xEeMLkSQWBng2rNrbs56CLxClIjBZqD6ld/GPE4BIV cMmt7nqvRT5hBwSXMKv3YgmZ8wsbQS6liIVg/yTPP6FFsGUZUg6F C0lyE3xsJC62dhkE6GTK8s/NeJv7n9WIcXfiJUDpGUDw7hEJCfsh yI9IygA6FAUSWJQcqFOXMMEQwgjLOUzFO26mkfXjz3y+S9kndc+ve zWmtcVY0UyYH5JAcE4+ckwa5Jk3SIpxo8kSeyYvz6Lw6b877z2jJ KXb2yR84H99FWpZr</latexit>
d
<latexit sha1_base64="F30CRBfRsvZ09N2cmM49MlaGd1g=">A AAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI4BLx4TMA9IltA76cQhsw9meoSw5Au86smbePWDPPgv7q45aGKdiqpuurqCRElDrvvpl DY2t7Z3yruVvf2Dw6Pq8UnXxFYL7IhYxbofgEElI+yQJIX9RCOEgcJeMLvN/d4jaiPj6J7mCfohTCM5kQIok9rjUbXm1t0CfJ14S1JjS 7RG1a/hOBY2xIiEAmMGnpuQn4ImKRQuKkNrMAExgykOMhpBiMZPi6ALfmENUMwT1FwqXoj4eyOF0Jh5GGSTIdCDWfVy8T9vYGnS8FMZJ ZYwEvkhkgqLQ0ZomTWAfCw1EkGeHLmMuAANRKglByEy0WaVVLI+vNXv10n3qu65da99XWs2ls2U2Rk7Z5fMYzesye5Yi3WYYMie2DN7ca zz6rw57z+jJWe5c8r+wPn4BmRbkWM=</latexit><latexit sha1_base64="F30CRBfRsvZ09N2cmM49MlaGd1g=">A AAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI4BLx4TMA9IltA76cQhsw9meoSw5Au86smbePWDPPgv7q45aGKdiqpuurqCRElDrvvpl DY2t7Z3yruVvf2Dw6Pq8UnXxFYL7IhYxbofgEElI+yQJIX9RCOEgcJeMLvN/d4jaiPj6J7mCfohTCM5kQIok9rjUbXm1t0CfJ14S1JjS 7RG1a/hOBY2xIiEAmMGnpuQn4ImKRQuKkNrMAExgykOMhpBiMZPi6ALfmENUMwT1FwqXoj4eyOF0Jh5GGSTIdCDWfVy8T9vYGnS8FMZJ ZYwEvkhkgqLQ0ZomTWAfCw1EkGeHLmMuAANRKglByEy0WaVVLI+vNXv10n3qu65da99XWs2ls2U2Rk7Z5fMYzesye5Yi3WYYMie2DN7ca zz6rw57z+jJWe5c8r+wPn4BmRbkWM=</latexit><latexit sha1_base64="F30CRBfRsvZ09N2cmM49MlaGd1g=">A AAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI4BLx4TMA9IltA76cQhsw9meoSw5Au86smbePWDPPgv7q45aGKdiqpuurqCRElDrvvpl DY2t7Z3yruVvf2Dw6Pq8UnXxFYL7IhYxbofgEElI+yQJIX9RCOEgcJeMLvN/d4jaiPj6J7mCfohTCM5kQIok9rjUbXm1t0CfJ14S1JjS 7RG1a/hOBY2xIiEAmMGnpuQn4ImKRQuKkNrMAExgykOMhpBiMZPi6ALfmENUMwT1FwqXoj4eyOF0Jh5GGSTIdCDWfVy8T9vYGnS8FMZJ ZYwEvkhkgqLQ0ZomTWAfCw1EkGeHLmMuAANRKglByEy0WaVVLI+vNXv10n3qu65da99XWs2ls2U2Rk7Z5fMYzesye5Yi3WYYMie2DN7ca zz6rw57z+jJWe5c8r+wPn4BmRbkWM=</latexit><latexit sha1_base64="F30CRBfRsvZ09N2cmM49MlaGd1g=">A AAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI4BLx4TMA9IltA76cQhsw9meoSw5Au86smbePWDPPgv7q45aGKdiqpuurqCRElDrvvpl DY2t7Z3yruVvf2Dw6Pq8UnXxFYL7IhYxbofgEElI+yQJIX9RCOEgcJeMLvN/d4jaiPj6J7mCfohTCM5kQIok9rjUbXm1t0CfJ14S1JjS 7RG1a/hOBY2xIiEAmMGnpuQn4ImKRQuKkNrMAExgykOMhpBiMZPi6ALfmENUMwT1FwqXoj4eyOF0Jh5GGSTIdCDWfVy8T9vYGnS8FMZJ ZYwEvkhkgqLQ0ZomTWAfCw1EkGeHLmMuAANRKglByEy0WaVVLI+vNXv10n3qu65da99XWs2ls2U2Rk7Z5fMYzesye5Yi3WYYMie2DN7ca zz6rw57z+jJWe5c8r+wPn4BmRbkWM=</latexit>
F
<latexit sha1_base64="b/LGz3Egdh/HhdGhePD4XyUae2E=">A AAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDEgiMcEzAOSJcxOOnHI7IOZHiGEfIFXPXkTr36QB//F3XUPmlinoqqbrq4gUdKQ6346a +sbm1vbpZ3y7t7+wWHl6LhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+d1H1EbG0T3NEvRDPonkWApOqdS6HVaqbs3NwVaJV5AqF GgOK1+DUSxsiBEJxY3pe25C/pxrkkLhojywBhMupnyC/ZRGPETjz/OgC3ZuDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxnV/L qPEEkYiO0RSYX7ICC3TBpCNpEYiniVHJiMmuOZEqCXjQqSiTSspp314y9+vks5lzXNrXuuq2qgXzZTgFM7gAjy4hgbcQRPaIADhCZ7hxb HOq/PmvP+MrjnFzgn8gfPxDTWZkUU=</latexit><latexit sha1_base64="b/LGz3Egdh/HhdGhePD4XyUae2E=">A AAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDEgiMcEzAOSJcxOOnHI7IOZHiGEfIFXPXkTr36QB//F3XUPmlinoqqbrq4gUdKQ6346a +sbm1vbpZ3y7t7+wWHl6LhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+d1H1EbG0T3NEvRDPonkWApOqdS6HVaqbs3NwVaJV5AqF GgOK1+DUSxsiBEJxY3pe25C/pxrkkLhojywBhMupnyC/ZRGPETjz/OgC3ZuDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxnV/L qPEEkYiO0RSYX7ICC3TBpCNpEYiniVHJiMmuOZEqCXjQqSiTSspp314y9+vks5lzXNrXuuq2qgXzZTgFM7gAjy4hgbcQRPaIADhCZ7hxb HOq/PmvP+MrjnFzgn8gfPxDTWZkUU=</latexit><latexit sha1_base64="b/LGz3Egdh/HhdGhePD4XyUae2E=">A AAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDEgiMcEzAOSJcxOOnHI7IOZHiGEfIFXPXkTr36QB//F3XUPmlinoqqbrq4gUdKQ6346a +sbm1vbpZ3y7t7+wWHl6LhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+d1H1EbG0T3NEvRDPonkWApOqdS6HVaqbs3NwVaJV5AqF GgOK1+DUSxsiBEJxY3pe25C/pxrkkLhojywBhMupnyC/ZRGPETjz/OgC3ZuDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxnV/L qPEEkYiO0RSYX7ICC3TBpCNpEYiniVHJiMmuOZEqCXjQqSiTSspp314y9+vks5lzXNrXuuq2qgXzZTgFM7gAjy4hgbcQRPaIADhCZ7hxb HOq/PmvP+MrjnFzgn8gfPxDTWZkUU=</latexit><latexit sha1_base64="b/LGz3Egdh/HhdGhePD4XyUae2E=">A AAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDEgiMcEzAOSJcxOOnHI7IOZHiGEfIFXPXkTr36QB//F3XUPmlinoqqbrq4gUdKQ6346a +sbm1vbpZ3y7t7+wWHl6LhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+d1H1EbG0T3NEvRDPonkWApOqdS6HVaqbs3NwVaJV5AqF GgOK1+DUSxsiBEJxY3pe25C/pxrkkLhojywBhMupnyC/ZRGPETjz/OgC3ZuDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxnV/L qPEEkYiO0RSYX7ICC3TBpCNpEYiniVHJiMmuOZEqCXjQqSiTSspp314y9+vks5lzXNrXuuq2qgXzZTgFM7gAjy4hgbcQRPaIADhCZ7hxb HOq/PmvP+MrjnFzgn8gfPxDTWZkUU=</latexit>
"i
<latexit sha1_base64="OYgG69kEF9p2/4bnCksWZ73PGdM=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl 0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke7LfrniVt0F+CrxclJhORr98ldvEIkkRE1CgbVdz43JT8GQFApnpV5iMQYxh hF2M6ohROuni9AzfpZYoIjHaLhUfCHi740UQmunYZBNhkD3dtmbi/953YSGNT+VOk4ItZgfIqlwccgKI7M2kA+kQSKYJ0cuNRdggAiN5CBEJiZZPaWsD2/5+1XSuqh6btW7vazUa3kzRXbCTtk589gVq7Mb1mBNJtgDe2LP7MV5dF6dN+f9Z7Tg5DvH7A+cj28Qs5be</latexit><latexit sha1_base64="OYgG69kEF9p2/4bnCksWZ73PGdM=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl 0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke7LfrniVt0F+CrxclJhORr98ldvEIkkRE1CgbVdz43JT8GQFApnpV5iMQYxh hF2M6ohROuni9AzfpZYoIjHaLhUfCHi740UQmunYZBNhkD3dtmbi/953YSGNT+VOk4ItZgfIqlwccgKI7M2kA+kQSKYJ0cuNRdggAiN5CBEJiZZPaWsD2/5+1XSuqh6btW7vazUa3kzRXbCTtk589gVq7Mb1mBNJtgDe2LP7MV5dF6dN+f9Z7Tg5DvH7A+cj28Qs5be</latexit><latexit sha1_base64="OYgG69kEF9p2/4bnCksWZ73PGdM=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl 0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke7LfrniVt0F+CrxclJhORr98ldvEIkkRE1CgbVdz43JT8GQFApnpV5iMQYxh hF2M6ohROuni9AzfpZYoIjHaLhUfCHi740UQmunYZBNhkD3dtmbi/953YSGNT+VOk4ItZgfIqlwccgKI7M2kA+kQSKYJ0cuNRdggAiN5CBEJiZZPaWsD2/5+1XSuqh6btW7vazUa3kzRXbCTtk589gVq7Mb1mBNJtgDe2LP7MV5dF6dN+f9Z7Tg5DvH7A+cj28Qs5be</latexit><latexit sha1_base64="OYgG69kEF9p2/4bnCksWZ73PGdM=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl 0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke7LfrniVt0F+CrxclJhORr98ldvEIkkRE1CgbVdz43JT8GQFApnpV5iMQYxh hF2M6ohROuni9AzfpZYoIjHaLhUfCHi740UQmunYZBNhkD3dtmbi/953YSGNT+VOk4ItZgfIqlwccgKI7M2kA+kQSKYJ0cuNRdggAiN5CBEJiZZPaWsD2/5+1XSuqh6btW7vazUa3kzRXbCTtk589gVq7Mb1mBNJtgDe2LP7MV5dF6dN+f9Z7Tg5DvH7A+cj28Qs5be</latexit>
Vi
<latexit sha1_base64="+x0U7ZT1esN7j+L9OzBChdQpujk=">A AAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCImUkGsogyENKrGh92YRTzmfrbg2KonwCLVR0iJbvoeBfsI0LSJhqNLOrnZ0gVtKS6346K 6tr6xubpa3y9s7u3n7l4LBto8QIbIlIRaYbgEUlNbZIksJubBDCQGEnmFxlfucBjZWRvqNpjH4IYy1HUgCl0m17IAeVqltzc/Bl4hWky go0B5Wv/jASSYiahAJre54bkz8DQ1IonJf7icUYxATG2EuphhCtP8ujzvlpYoEiHqPhUvFcxN8bMwitnYZBOhkC3dtFLxP/83oJjer+T Oo4IdQiO0RSYX7ICiPTDpAPpUEiyJIjl5oLMECERnIQIhWTtJRy2oe3+P0yaZ/XPLfm3VxUG/WimRI7ZifsjHnskjXYNWuyFhNszJ7YM3 txHp1X5815/xldcYqdI/YHzsc30TuSMQ==</latexit><latexit sha1_base64="+x0U7ZT1esN7j+L9OzBChdQpujk=">A AAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCImUkGsogyENKrGh92YRTzmfrbg2KonwCLVR0iJbvoeBfsI0LSJhqNLOrnZ0gVtKS6346K 6tr6xubpa3y9s7u3n7l4LBto8QIbIlIRaYbgEUlNbZIksJubBDCQGEnmFxlfucBjZWRvqNpjH4IYy1HUgCl0m17IAeVqltzc/Bl4hWky go0B5Wv/jASSYiahAJre54bkz8DQ1IonJf7icUYxATG2EuphhCtP8ujzvlpYoEiHqPhUvFcxN8bMwitnYZBOhkC3dtFLxP/83oJjer+T Oo4IdQiO0RSYX7ICiPTDpAPpUEiyJIjl5oLMECERnIQIhWTtJRy2oe3+P0yaZ/XPLfm3VxUG/WimRI7ZifsjHnskjXYNWuyFhNszJ7YM3 txHp1X5815/xldcYqdI/YHzsc30TuSMQ==</latexit><latexit sha1_base64="+x0U7ZT1esN7j+L9OzBChdQpujk=">A AAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCImUkGsogyENKrGh92YRTzmfrbg2KonwCLVR0iJbvoeBfsI0LSJhqNLOrnZ0gVtKS6346K 6tr6xubpa3y9s7u3n7l4LBto8QIbIlIRaYbgEUlNbZIksJubBDCQGEnmFxlfucBjZWRvqNpjH4IYy1HUgCl0m17IAeVqltzc/Bl4hWky go0B5Wv/jASSYiahAJre54bkz8DQ1IonJf7icUYxATG2EuphhCtP8ujzvlpYoEiHqPhUvFcxN8bMwitnYZBOhkC3dtFLxP/83oJjer+T Oo4IdQiO0RSYX7ICiPTDpAPpUEiyJIjl5oLMECERnIQIhWTtJRy2oe3+P0yaZ/XPLfm3VxUG/WimRI7ZifsjHnskjXYNWuyFhNszJ7YM3 txHp1X5815/xldcYqdI/YHzsc30TuSMQ==</latexit><latexit sha1_base64="+x0U7ZT1esN7j+L9OzBChdQpujk=">A AAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCImUkGsogyENKrGh92YRTzmfrbg2KonwCLVR0iJbvoeBfsI0LSJhqNLOrnZ0gVtKS6346K 6tr6xubpa3y9s7u3n7l4LBto8QIbIlIRaYbgEUlNbZIksJubBDCQGEnmFxlfucBjZWRvqNpjH4IYy1HUgCl0m17IAeVqltzc/Bl4hWky go0B5Wv/jASSYiahAJre54bkz8DQ1IonJf7icUYxATG2EuphhCtP8ujzvlpYoEiHqPhUvFcxN8bMwitnYZBOhkC3dtFLxP/83oJjer+T Oo4IdQiO0RSYX7ICiPTDpAPpUEiyJIjl5oLMECERnIQIhWTtJRy2oe3+P0yaZ/XPLfm3VxUG/WimRI7ZifsjHnskjXYNWuyFhNszJ7YM3 txHp1X5815/xldcYqdI/YHzsc30TuSMQ==</latexit>
"u
<latexit sha1_base64="zca/wlWDWc34kG9e/RFDwx+0so0=">A AAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT 6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke4n/XLFr boL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI3F //zugkNa34qdZwQajE/RFLh4pAVRmZtIB9Ig0QwT45cai7AABEayUGITEyyekpZH97y96ukdVH13Kp3e1mp1/JmiuyEnbJz5rErVmc3rM GaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98jZ5bq</latexit><latexit sha1_base64="zca/wlWDWc34kG9e/RFDwx+0so0=">A AAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT 6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke4n/XLFr boL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI3F //zugkNa34qdZwQajE/RFLh4pAVRmZtIB9Ig0QwT45cai7AABEayUGITEyyekpZH97y96ukdVH13Kp3e1mp1/JmiuyEnbJz5rErVmc3rM GaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98jZ5bq</latexit><latexit sha1_base64="zca/wlWDWc34kG9e/RFDwx+0so0=">A AAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT 6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke4n/XLFr boL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI3F //zugkNa34qdZwQajE/RFLh4pAVRmZtIB9Ig0QwT45cai7AABEayUGITEyyekpZH97y96ukdVH13Kp3e1mp1/JmiuyEnbJz5rErVmc3rM GaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98jZ5bq</latexit><latexit sha1_base64="zca/wlWDWc34kG9e/RFDwx+0so0=">A AAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT 6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke4n/XLFr boL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI3F //zugkNa34qdZwQajE/RFLh4pAVRmZtIB9Ig0QwT45cai7AABEayUGITEyyekpZH97y96ukdVH13Kp3e1mp1/JmiuyEnbJz5rErVmc3rM GaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98jZ5bq</latexit>0
<latexit sha1_base64="greL/QMc+JPNvtrkSb4/UaM4U8M=">A AAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI4BLx4TMA9IltA76cQhsw9meoSw5Au86smbePWDPPgv7q45aGKdiqpuurqCRElDrvvpl DY2t7Z3yruVvf2Dw6Pq8UnXxFYL7IhYxbofgEElI+yQJIX9RCOEgcJeMLvN/d4jaiPj6J7mCfohTCM5kQIok9ruqFpz624Bvk68JamxJ Vqj6tdwHAsbYkRCgTEDz03IT0GTFAoXlaE1mICYwRQHGY0gROOnRdAFv7AGKOYJai4VL0T8vZFCaMw8DLLJEOjBrHq5+J83sDRp+KmME ksYifwQSYXFISO0zBpAPpYaiSBPjlxGXIAGItSSgxCZaLNKKlkf3ur366R7Vffcute+rjUby2bK7Iyds0vmsRvWZHesxTpMMGRP7Jm9ON Z5dd6c95/RkrPcOWV/4Hx8AxNPkS8=</latexit><latexit sha1_base64="greL/QMc+JPNvtrkSb4/UaM4U8M=">A AAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI4BLx4TMA9IltA76cQhsw9meoSw5Au86smbePWDPPgv7q45aGKdiqpuurqCRElDrvvpl DY2t7Z3yruVvf2Dw6Pq8UnXxFYL7IhYxbofgEElI+yQJIX9RCOEgcJeMLvN/d4jaiPj6J7mCfohTCM5kQIok9ruqFpz624Bvk68JamxJ Vqj6tdwHAsbYkRCgTEDz03IT0GTFAoXlaE1mICYwRQHGY0gROOnRdAFv7AGKOYJai4VL0T8vZFCaMw8DLLJEOjBrHq5+J83sDRp+KmME ksYifwQSYXFISO0zBpAPpYaiSBPjlxGXIAGItSSgxCZaLNKKlkf3ur366R7Vffcute+rjUby2bK7Iyds0vmsRvWZHesxTpMMGRP7Jm9ON Z5dd6c95/RkrPcOWV/4Hx8AxNPkS8=</latexit><latexit sha1_base64="greL/QMc+JPNvtrkSb4/UaM4U8M=">A AAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI4BLx4TMA9IltA76cQhsw9meoSw5Au86smbePWDPPgv7q45aGKdiqpuurqCRElDrvvpl DY2t7Z3yruVvf2Dw6Pq8UnXxFYL7IhYxbofgEElI+yQJIX9RCOEgcJeMLvN/d4jaiPj6J7mCfohTCM5kQIok9ruqFpz624Bvk68JamxJ Vqj6tdwHAsbYkRCgTEDz03IT0GTFAoXlaE1mICYwRQHGY0gROOnRdAFv7AGKOYJai4VL0T8vZFCaMw8DLLJEOjBrHq5+J83sDRp+KmME ksYifwQSYXFISO0zBpAPpYaiSBPjlxGXIAGItSSgxCZaLNKKlkf3ur366R7Vffcute+rjUby2bK7Iyds0vmsRvWZHesxTpMMGRP7Jm9ON Z5dd6c95/RkrPcOWV/4Hx8AxNPkS8=</latexit><latexit sha1_base64="greL/QMc+JPNvtrkSb4/UaM4U8M=">A AAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI4BLx4TMA9IltA76cQhsw9meoSw5Au86smbePWDPPgv7q45aGKdiqpuurqCRElDrvvpl DY2t7Z3yruVvf2Dw6Pq8UnXxFYL7IhYxbofgEElI+yQJIX9RCOEgcJeMLvN/d4jaiPj6J7mCfohTCM5kQIok9ruqFpz624Bvk68JamxJ Vqj6tdwHAsbYkRCgTEDz03IT0GTFAoXlaE1mICYwRQHGY0gROOnRdAFv7AGKOYJai4VL0T8vZFCaMw8DLLJEOjBrHq5+J83sDRp+KmME ksYifwQSYXFISO0zBpAPpYaiSBPjlxGXIAGItSSgxCZaLNKKlkf3ur366R7Vffcute+rjUby2bK7Iyds0vmsRvWZHesxTpMMGRP7Jm9ON Z5dd6c95/RkrPcOWV/4Hx8AxNPkS8=</latexit>
Folded
<latexit sha1_base64="X/qee/JcU/FP4/oh97/k67XJrwM=">A AAB/3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCQBkJCVEGiTykxIrW50045fzgbo2IrBR8BS1UdIiWT6HgX7CDC0iYajSzq50dL1bSkG1/W guLS8srq6W18vrG5tZ2ZWe3ZaJEC2yKSEW644FBJUNskiSFnVgjBJ7Ctje6yP32PWojo/CGxjG6AQxDOZACKJPcHuEDpZeR8tGf9CtVu 2ZPweeJU5AqK9DoV756fiSSAEMSCozpOnZMbgqapFA4KfcSgzGIEQyxm9EQAjRuOg094YeJAYp4jJpLxaci/t5IITBmHHjZZAB0a2a9X PzP6yY0OHdTGcYJYSjyQyQVTg8ZoWXWBnJfaiSCPDlyGXIBGohQSw5CZGKS1VPO+nBmv58nreOaY9ec65Nq/bRopsT22QE7Yg47Y3V2xR qsyQS7Y0/smb1Yj9ar9Wa9/4wuWMXOHvsD6+MbEAiW3A==</latexit><latexit sha1_base64="X/qee/JcU/FP4/oh97/k67XJrwM=">A AAB/3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCQBkJCVEGiTykxIrW50045fzgbo2IrBR8BS1UdIiWT6HgX7CDC0iYajSzq50dL1bSkG1/W guLS8srq6W18vrG5tZ2ZWe3ZaJEC2yKSEW644FBJUNskiSFnVgjBJ7Ctje6yP32PWojo/CGxjG6AQxDOZACKJPcHuEDpZeR8tGf9CtVu 2ZPweeJU5AqK9DoV756fiSSAEMSCozpOnZMbgqapFA4KfcSgzGIEQyxm9EQAjRuOg094YeJAYp4jJpLxaci/t5IITBmHHjZZAB0a2a9X PzP6yY0OHdTGcYJYSjyQyQVTg8ZoWXWBnJfaiSCPDlyGXIBGohQSw5CZGKS1VPO+nBmv58nreOaY9ec65Nq/bRopsT22QE7Yg47Y3V2xR qsyQS7Y0/smb1Yj9ar9Wa9/4wuWMXOHvsD6+MbEAiW3A==</latexit><latexit sha1_base64="X/qee/JcU/FP4/oh97/k67XJrwM=">A AAB/3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCQBkJCVEGiTykxIrW50045fzgbo2IrBR8BS1UdIiWT6HgX7CDC0iYajSzq50dL1bSkG1/W guLS8srq6W18vrG5tZ2ZWe3ZaJEC2yKSEW644FBJUNskiSFnVgjBJ7Ctje6yP32PWojo/CGxjG6AQxDOZACKJPcHuEDpZeR8tGf9CtVu 2ZPweeJU5AqK9DoV756fiSSAEMSCozpOnZMbgqapFA4KfcSgzGIEQyxm9EQAjRuOg094YeJAYp4jJpLxaci/t5IITBmHHjZZAB0a2a9X PzP6yY0OHdTGcYJYSjyQyQVTg8ZoWXWBnJfaiSCPDlyGXIBGohQSw5CZGKS1VPO+nBmv58nreOaY9ec65Nq/bRopsT22QE7Yg47Y3V2xR qsyQS7Y0/smb1Yj9ar9Wa9/4wuWMXOHvsD6+MbEAiW3A==</latexit><latexit sha1_base64="X/qee/JcU/FP4/oh97/k67XJrwM=">A AAB/3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCQBkJCVEGiTykxIrW50045fzgbo2IrBR8BS1UdIiWT6HgX7CDC0iYajSzq50dL1bSkG1/W guLS8srq6W18vrG5tZ2ZWe3ZaJEC2yKSEW644FBJUNskiSFnVgjBJ7Ctje6yP32PWojo/CGxjG6AQxDOZACKJPcHuEDpZeR8tGf9CtVu 2ZPweeJU5AqK9DoV756fiSSAEMSCozpOnZMbgqapFA4KfcSgzGIEQyxm9EQAjRuOg094YeJAYp4jJpLxaci/t5IITBmHHjZZAB0a2a9X PzP6yY0OHdTGcYJYSjyQyQVTg8ZoWXWBnJfaiSCPDlyGXIBGohQSw5CZGKS1VPO+nBmv58nreOaY9ec65Nq/bRopsT22QE7Yg47Y3V2xR qsyQS7Y0/smb1Yj9ar9Wa9/4wuWMXOHvsD6+MbEAiW3A==</latexit>
Unfolded
<latexit sha1_base64="1CP/qAit5HUenxaSwH6WhTiyZyE=">A AACA3icbVC7TsNAEDyHVwiPGChpTkRIVJGNEFBGoqEMEk4iJVZ0vmzCKeezdbdGRFZKvoIWKjpEy4dQ8C/YxgUkTDWa2dXOThBLYdBxP q3Kyura+kZ1s7a1vbNbt/f2OyZKNAePRzLSvYAZkEKBhwIl9GINLAwkdIPpVe5370EbEalbnMXgh2yixFhwhpk0tOsDhAdMPTWO5AhG8 6HdcJpOAbpM3JI0SIn20P4ajCKehKCQS2ZM33Vi9FOmUXAJ89ogMRAzPmUT6GdUsRCMnxbB5/Q4MQwjGoOmQtJChN8bKQuNmYVBNhkyv DOLXi7+5/UTHF/6qVBxgqB4fgiFhOKQ4VpkjQAdCQ2ILE8OVCjKmWaIoAVlnGdiklVUy/pwF79fJp3Tpus03ZuzRuu8bKZKDskROSEuuS Atck3axCOcJOSJPJMX69F6td6s95/RilXuHJA/sD6+AUCvmAQ=</latexit><latexit sha1_base64="1CP/qAit5HUenxaSwH6WhTiyZyE=">A AACA3icbVC7TsNAEDyHVwiPGChpTkRIVJGNEFBGoqEMEk4iJVZ0vmzCKeezdbdGRFZKvoIWKjpEy4dQ8C/YxgUkTDWa2dXOThBLYdBxP q3Kyura+kZ1s7a1vbNbt/f2OyZKNAePRzLSvYAZkEKBhwIl9GINLAwkdIPpVe5370EbEalbnMXgh2yixFhwhpk0tOsDhAdMPTWO5AhG8 6HdcJpOAbpM3JI0SIn20P4ajCKehKCQS2ZM33Vi9FOmUXAJ89ogMRAzPmUT6GdUsRCMnxbB5/Q4MQwjGoOmQtJChN8bKQuNmYVBNhkyv DOLXi7+5/UTHF/6qVBxgqB4fgiFhOKQ4VpkjQAdCQ2ILE8OVCjKmWaIoAVlnGdiklVUy/pwF79fJp3Tpus03ZuzRuu8bKZKDskROSEuuS Atck3axCOcJOSJPJMX69F6td6s95/RilXuHJA/sD6+AUCvmAQ=</latexit><latexit sha1_base64="1CP/qAit5HUenxaSwH6WhTiyZyE=">A AACA3icbVC7TsNAEDyHVwiPGChpTkRIVJGNEFBGoqEMEk4iJVZ0vmzCKeezdbdGRFZKvoIWKjpEy4dQ8C/YxgUkTDWa2dXOThBLYdBxP q3Kyura+kZ1s7a1vbNbt/f2OyZKNAePRzLSvYAZkEKBhwIl9GINLAwkdIPpVe5370EbEalbnMXgh2yixFhwhpk0tOsDhAdMPTWO5AhG8 6HdcJpOAbpM3JI0SIn20P4ajCKehKCQS2ZM33Vi9FOmUXAJ89ogMRAzPmUT6GdUsRCMnxbB5/Q4MQwjGoOmQtJChN8bKQuNmYVBNhkyv DOLXi7+5/UTHF/6qVBxgqB4fgiFhOKQ4VpkjQAdCQ2ILE8OVCjKmWaIoAVlnGdiklVUy/pwF79fJp3Tpus03ZuzRuu8bKZKDskROSEuuS Atck3axCOcJOSJPJMX69F6td6s95/RilXuHJA/sD6+AUCvmAQ=</latexit><latexit sha1_base64="1CP/qAit5HUenxaSwH6WhTiyZyE=">A AACA3icbVC7TsNAEDyHVwiPGChpTkRIVJGNEFBGoqEMEk4iJVZ0vmzCKeezdbdGRFZKvoIWKjpEy4dQ8C/YxgUkTDWa2dXOThBLYdBxP q3Kyura+kZ1s7a1vbNbt/f2OyZKNAePRzLSvYAZkEKBhwIl9GINLAwkdIPpVe5370EbEalbnMXgh2yixFhwhpk0tOsDhAdMPTWO5AhG8 6HdcJpOAbpM3JI0SIn20P4ajCKehKCQS2ZM33Vi9FOmUXAJ89ogMRAzPmUT6GdUsRCMnxbB5/Q4MQwjGoOmQtJChN8bKQuNmYVBNhkyv DOLXi7+5/UTHF/6qVBxgqB4fgiFhOKQ4VpkjQAdCQ2ILE8OVCjKmWaIoAVlnGdiklVUy/pwF79fJp3Tpus03ZuzRuu8bKZKDskROSEuuS Atck3axCOcJOSJPJMX69F6td6s95/RilXuHJA/sD6+AUCvmAQ=</latexit>
L"m<latexit sha1_base64="0U7yIpdohaupfNBOpjy+pvoAaBA=">A AACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCQBmJhoIiSOQhJSZaXzbhlPPZultHiqI0fAUtVHSIlj+h4F+wTQpImGo0s6udnSBW0pLrf jpLyyura+uFjeLm1vbObmlvv2GjxAisi0hFphWARSU11kmSwlZsEMJAYTMYXmV+c4TGykjf0ThGP4SBln0pgFLp/qYzAoOxlSrS3bBbKr sVNwdfJN6MlNkMtW7pq9OLRBKiJqHA2rbnxuRPwJAUCqfFTmIxBjGEAbZTqiFE60/y1FN+nFigiMdouFQ8F/H3xgRCa8dhkE6GQA923s vE/7x2Qv1LfyJ1nBBqkR0iqTA/ZIWRaR3Ie9IgEWTJkUvNBRggQiM5CJGKSdpPMe3Dm/9+kTROK55b8W7PytXzWTMFdsiO2Anz2AWrsmt WY3UmmGFP7Jm9OI/Oq/PmvP+MLjmznQP2B87HN7WslzY=</latexit><latexit sha1_base64="0U7yIpdohaupfNBOpjy+pvoAaBA=">A AACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCQBmJhoIiSOQhJSZaXzbhlPPZultHiqI0fAUtVHSIlj+h4F+wTQpImGo0s6udnSBW0pLrf jpLyyura+uFjeLm1vbObmlvv2GjxAisi0hFphWARSU11kmSwlZsEMJAYTMYXmV+c4TGykjf0ThGP4SBln0pgFLp/qYzAoOxlSrS3bBbKr sVNwdfJN6MlNkMtW7pq9OLRBKiJqHA2rbnxuRPwJAUCqfFTmIxBjGEAbZTqiFE60/y1FN+nFigiMdouFQ8F/H3xgRCa8dhkE6GQA923s vE/7x2Qv1LfyJ1nBBqkR0iqTA/ZIWRaR3Ie9IgEWTJkUvNBRggQiM5CJGKSdpPMe3Dm/9+kTROK55b8W7PytXzWTMFdsiO2Anz2AWrsmt WY3UmmGFP7Jm9OI/Oq/PmvP+MLjmznQP2B87HN7WslzY=</latexit><latexit sha1_base64="0U7yIpdohaupfNBOpjy+pvoAaBA=">A AACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCQBmJhoIiSOQhJSZaXzbhlPPZultHiqI0fAUtVHSIlj+h4F+wTQpImGo0s6udnSBW0pLrf jpLyyura+uFjeLm1vbObmlvv2GjxAisi0hFphWARSU11kmSwlZsEMJAYTMYXmV+c4TGykjf0ThGP4SBln0pgFLp/qYzAoOxlSrS3bBbKr sVNwdfJN6MlNkMtW7pq9OLRBKiJqHA2rbnxuRPwJAUCqfFTmIxBjGEAbZTqiFE60/y1FN+nFigiMdouFQ8F/H3xgRCa8dhkE6GQA923s vE/7x2Qv1LfyJ1nBBqkR0iqTA/ZIWRaR3Ie9IgEWTJkUvNBRggQiM5CJGKSdpPMe3Dm/9+kTROK55b8W7PytXzWTMFdsiO2Anz2AWrsmt WY3UmmGFP7Jm9OI/Oq/PmvP+MLjmznQP2B87HN7WslzY=</latexit><latexit sha1_base64="0U7yIpdohaupfNBOpjy+pvoAaBA=">A AACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCQBmJhoIiSOQhJSZaXzbhlPPZultHiqI0fAUtVHSIlj+h4F+wTQpImGo0s6udnSBW0pLrf jpLyyura+uFjeLm1vbObmlvv2GjxAisi0hFphWARSU11kmSwlZsEMJAYTMYXmV+c4TGykjf0ThGP4SBln0pgFLp/qYzAoOxlSrS3bBbKr sVNwdfJN6MlNkMtW7pq9OLRBKiJqHA2rbnxuRPwJAUCqfFTmIxBjGEAbZTqiFE60/y1FN+nFigiMdouFQ8F/H3xgRCa8dhkE6GQA923s vE/7x2Qv1LfyJ1nBBqkR0iqTA/ZIWRaR3Ie9IgEWTJkUvNBRggQiM5CJGKSdpPMe3Dm/9+kTROK55b8W7PytXzWTMFdsiO2Anz2AWrsmt WY3UmmGFP7Jm9OI/Oq/PmvP+MLjmznQP2B87HN7WslzY=</latexit>
↵L"d<latexit sha1_base64="TNgKQPQtrba6ngedO2e4mRa7POI=">A AACCXicbVC7TgJBFJ3FF+ILNVY2E4mJFdk1Ri1JbCwsMJFHAoTcHS4wYXZ3MnOXhGz4Ar/CVis7Y+tXWPgvLiuFgqc6Oefe3HOPr5W05L qfTm5ldW19I79Z2Nre2d0r7h/UbRQbgTURqcg0fbCoZIg1kqSwqQ1C4Cts+KObmd8Yo7EyCh9oorETwCCUfSmAUqlbPGqD0kPgd+0xGNR WqlTtdYslt+xm4MvEm5MSm6PaLX61e5GIAwxJKLC25bmaOgkYkkLhtNCOLWoQIxhgK6UhBGg7SRZ/yk9jCxRxjYZLxTMRf28kEFg7Cfx 0MgAa2kVvJv7ntWLqX3cSGeqYMBSzQyQVZoesMDLtBXlPGiSCWXLkMuQCDBChkRyESMU4LaqQ9uEtfr9M6udlzy179xelyuW8mTw7Zifs jHnsilXYLauyGhMsYU/smb04j86r8+a8/4zmnPnOIfsD5+MbOSSaJg==</latexit><latexit sha1_base64="TNgKQPQtrba6ngedO2e4mRa7POI=">A AACCXicbVC7TgJBFJ3FF+ILNVY2E4mJFdk1Ri1JbCwsMJFHAoTcHS4wYXZ3MnOXhGz4Ar/CVis7Y+tXWPgvLiuFgqc6Oefe3HOPr5W05L qfTm5ldW19I79Z2Nre2d0r7h/UbRQbgTURqcg0fbCoZIg1kqSwqQ1C4Cts+KObmd8Yo7EyCh9oorETwCCUfSmAUqlbPGqD0kPgd+0xGNR WqlTtdYslt+xm4MvEm5MSm6PaLX61e5GIAwxJKLC25bmaOgkYkkLhtNCOLWoQIxhgK6UhBGg7SRZ/yk9jCxRxjYZLxTMRf28kEFg7Cfx 0MgAa2kVvJv7ntWLqX3cSGeqYMBSzQyQVZoesMDLtBXlPGiSCWXLkMuQCDBChkRyESMU4LaqQ9uEtfr9M6udlzy179xelyuW8mTw7Zifs jHnsilXYLauyGhMsYU/smb04j86r8+a8/4zmnPnOIfsD5+MbOSSaJg==</latexit><latexit sha1_base64="TNgKQPQtrba6ngedO2e4mRa7POI=">A AACCXicbVC7TgJBFJ3FF+ILNVY2E4mJFdk1Ri1JbCwsMJFHAoTcHS4wYXZ3MnOXhGz4Ar/CVis7Y+tXWPgvLiuFgqc6Oefe3HOPr5W05L qfTm5ldW19I79Z2Nre2d0r7h/UbRQbgTURqcg0fbCoZIg1kqSwqQ1C4Cts+KObmd8Yo7EyCh9oorETwCCUfSmAUqlbPGqD0kPgd+0xGNR WqlTtdYslt+xm4MvEm5MSm6PaLX61e5GIAwxJKLC25bmaOgkYkkLhtNCOLWoQIxhgK6UhBGg7SRZ/yk9jCxRxjYZLxTMRf28kEFg7Cfx 0MgAa2kVvJv7ntWLqX3cSGeqYMBSzQyQVZoesMDLtBXlPGiSCWXLkMuQCDBChkRyESMU4LaqQ9uEtfr9M6udlzy179xelyuW8mTw7Zifs jHnsilXYLauyGhMsYU/smb04j86r8+a8/4zmnPnOIfsD5+MbOSSaJg==</latexit><latexit sha1_base64="TNgKQPQtrba6ngedO2e4mRa7POI=">A AACCXicbVC7TgJBFJ3FF+ILNVY2E4mJFdk1Ri1JbCwsMJFHAoTcHS4wYXZ3MnOXhGz4Ar/CVis7Y+tXWPgvLiuFgqc6Oefe3HOPr5W05L qfTm5ldW19I79Z2Nre2d0r7h/UbRQbgTURqcg0fbCoZIg1kqSwqQ1C4Cts+KObmd8Yo7EyCh9oorETwCCUfSmAUqlbPGqD0kPgd+0xGNR WqlTtdYslt+xm4MvEm5MSm6PaLX61e5GIAwxJKLC25bmaOgkYkkLhtNCOLWoQIxhgK6UhBGg7SRZ/yk9jCxRxjYZLxTMRf28kEFg7Cfx 0MgAa2kVvJv7ntWLqX3cSGeqYMBSzQyQVZoesMDLtBXlPGiSCWXLkMuQCDBChkRyESMU4LaqQ9uEtfr9M6udlzy179xelyuW8mTw7Zifs jHnsilXYLauyGhMsYU/smb04j86r8+a8/4zmnPnOIfsD5+MbOSSaJg==</latexit>
(c)
<latexit sha1_base64="dtmGI3kv70hDosxyqcQFmYSZEXw=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0v mzCKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr8aNqvVO26nYPOE6cgVVKg2a98uYOQxwEo5JIZ03PsCL2EaRRcwrTsxgYix sdsBL2UKhaA8ZI89JQexoZhSCPQVEiai/B7I2GBMZPATycDhrdm1svE/7xejMMLLxEqihEUzw6hkJAfMlyLtA2gA6EBkWXJgQpFOdMMEbSgjPNUjNN6ymkfzuz386R9UnfsunN9Wm2cFc2UyD45IDXikHPSIFekSVqEkzvyRJ7Ji/VovVpv1vvP6IJV7OyRP7A+vgGP6pXq</late xit><latexit sha1_base64="dtmGI3kv70hDosxyqcQFmYSZEXw=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0v mzCKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr8aNqvVO26nYPOE6cgVVKg2a98uYOQxwEo5JIZ03PsCL2EaRRcwrTsxgYix sdsBL2UKhaA8ZI89JQexoZhSCPQVEiai/B7I2GBMZPATycDhrdm1svE/7xejMMLLxEqihEUzw6hkJAfMlyLtA2gA6EBkWXJgQpFOdMMEbSgjPNUjNN6ymkfzuz386R9UnfsunN9Wm2cFc2UyD45IDXikHPSIFekSVqEkzvyRJ7Ji/VovVpv1vvP6IJV7OyRP7A+vgGP6pXq</late xit><latexit sha1_base64="dtmGI3kv70hDosxyqcQFmYSZEXw=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0v mzCKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr8aNqvVO26nYPOE6cgVVKg2a98uYOQxwEo5JIZ03PsCL2EaRRcwrTsxgYix sdsBL2UKhaA8ZI89JQexoZhSCPQVEiai/B7I2GBMZPATycDhrdm1svE/7xejMMLLxEqihEUzw6hkJAfMlyLtA2gA6EBkWXJgQpFOdMMEbSgjPNUjNN6ymkfzuz386R9UnfsunN9Wm2cFc2UyD45IDXikHPSIFekSVqEkzvyRJ7Ji/VovVpv1vvP6IJV7OyRP7A+vgGP6pXq</late xit><latexit sha1_base64="dtmGI3kv70hDosxyqcQFmYSZEXw=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0v mzCKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr8aNqvVO26nYPOE6cgVVKg2a98uYOQxwEo5JIZ03PsCL2EaRRcwrTsxgYix sdsBL2UKhaA8ZI89JQexoZhSCPQVEiai/B7I2GBMZPATycDhrdm1svE/7xejMMLLxEqihEUzw6hkJAfMlyLtA2gA6EBkWXJgQpFOdMMEbSgjPNUjNN6ymkfzuz386R9UnfsunN9Wm2cFc2UyD45IDXikHPSIFekSVqEkzvyRJ7Ji/VovVpv1vvP6IJV7OyRP7A+vgGP6pXq</late xit>
(b)
<latexit sha1_base64="0pALgxf7vIM1DNh7r5pBgDWL+A4=">A AAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0vmzCKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn 9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr+0bRfq dp1OwedJ05BqqRAs1/5cgchjwNQyCUzpufYEXoJ0yi4hGnZjQ1EjI/ZCHopVSwA4yV56Ck9jA3DkEagqZA0F+H3RsICYyaBn04GDG/Nr JeJ/3m9GIcXXiJUFCMonh1CISE/ZLgWaRtAB0IDIsuSAxWKcqYZImhBGeepGKf1lNM+nNnv50n7pO7Ydef6tNo4K5opkX1yQGrEIeekQa 5Ik7QIJ3fkiTyTF+vRerXerPef0QWr2Nkjf2B9fAOOWZXp</latexit><latexit sha1_base64="0pALgxf7vIM1DNh7r5pBgDWL+A4=">A AAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0vmzCKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn 9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr+0bRfq dp1OwedJ05BqqRAs1/5cgchjwNQyCUzpufYEXoJ0yi4hGnZjQ1EjI/ZCHopVSwA4yV56Ck9jA3DkEagqZA0F+H3RsICYyaBn04GDG/Nr JeJ/3m9GIcXXiJUFCMonh1CISE/ZLgWaRtAB0IDIsuSAxWKcqYZImhBGeepGKf1lNM+nNnv50n7pO7Ydef6tNo4K5opkX1yQGrEIeekQa 5Ik7QIJ3fkiTyTF+vRerXerPef0QWr2Nkjf2B9fAOOWZXp</latexit><latexit sha1_base64="0pALgxf7vIM1DNh7r5pBgDWL+A4=">A AAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0vmzCKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn 9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr+0bRfq dp1OwedJ05BqqRAs1/5cgchjwNQyCUzpufYEXoJ0yi4hGnZjQ1EjI/ZCHopVSwA4yV56Ck9jA3DkEagqZA0F+H3RsICYyaBn04GDG/Nr JeJ/3m9GIcXXiJUFCMonh1CISE/ZLgWaRtAB0IDIsuSAxWKcqYZImhBGeepGKf1lNM+nNnv50n7pO7Ydef6tNo4K5opkX1yQGrEIeekQa 5Ik7QIJ3fkiTyTF+vRerXerPef0QWr2Nkjf2B9fAOOWZXp</latexit><latexit sha1_base64="0pALgxf7vIM1DNh7r5pBgDWL+A4=">A AAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0vmzCKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn 9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr+0bRfq dp1OwedJ05BqqRAs1/5cgchjwNQyCUzpufYEXoJ0yi4hGnZjQ1EjI/ZCHopVSwA4yV56Ck9jA3DkEagqZA0F+H3RsICYyaBn04GDG/Nr JeJ/3m9GIcXXiJUFCMonh1CISE/ZLgWaRtAB0IDIsuSAxWKcqYZImhBGeepGKf1lNM+nNnv50n7pO7Ydef6tNo4K5opkX1yQGrEIeekQa 5Ik7QIJ3fkiTyTF+vRerXerPef0QWr2Nkjf2B9fAOOWZXp</latexit>
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FIG. 1. Model. (a) Scheme of a SMFS unfolding experiment of a molecule of domains undergoing folded→unfolded transition
and of the considered mechanical system (inset). (b) Boundary conditions: applied displacement (Helmholtz) or applied force
(Gibbs). (c) Two-wells elastic energy of the elements.
chosen in [33, 34] where different phases are character-
ized by different Kuhn lengths, whereas a Worm Like
Chain (WLC) description of the unfolded configuration
with a stiffer energy of the folded state has been consid-
ered in [27, 35].
In this paper we study the different behavior of the
introduced chain as the boundary conditions, induced by
the loading device, vary. In passing it may be interesting
to observe that the following analysis of the interaction
with the handling system can elucidate important as-
pects regarding the elastic interaction between different
molecules.
Two ideal limit regimes can be considered (see Fig. 1b).
In the ideal hard device, the chain elongation is assigned
and the force is a fluctuating conjugated variable. In this
case, as the extension is increased, a sequence of localized
transitions occur with a typical sawtooth force-elongation
diagram. In the opposite hypothesis, here called ideal soft
device, isotensional experiments are considered. A force
is applied at the last element of the chain and the overall
elongation represents the conjugate unknown variable. In
this case the transition path is monotonic with a more
cooperative transition behavior. As remarked above, this
peculiar feature characterizes the behavior of stretching
experiments of other multistable systems: deformations
localization and sawtooth transition paths in metal plas-
ticity (Portevin-LeChatelier effect) [36], in shape memory
materials [32] and in muscle contraction mechanics [37].
For systems characterized by convex energies the anal-
ysis of the hard and soft device cases represents a simple
problem in the field of Statistical Mechanics [38]. Con-
versely, the problem of a multistable material is a more
subtle and only partly solved subject. In this frame-
work, a chain of bistable elements has been analyzed
in [39], where the authors model the thermalization of
a Fermi Pasta Ulam system. Semi-analytical results are
obtained in both soft and hard devices, yet neglecting
the device stiffness effect. In [40] a chain of links with
three-parabolic energy wells has been considered and the
authors show the equivalence –in terms of mechanical
3response– of the Gibbs (soft device) and Helmholtz (hard
device) ensembles in the thermodynamic limit.
On the other hand, just because of the influence of
the device stiffness, real SMFS experiments live in be-
tween the two ideal hard and soft device limits typically
considered in the literature. The analysis of this effect
was firstly elucidate in [41], where the interaction of a
macromolecule with convex energy loaded by a device
with variable stiffness has been studied. Instead, the
case of non-convex energy was recently analyzed in [42],
where the influence of the device stiffness in the case of
assigned displacement acting on the system has been de-
duced. The analytical results are in very good agreement
with the observations in [43] where the authors experi-
mentally shows the strong influence of the pulling device
on the P-Selectin molecule stretching response.
The aim of this paper is to extend the approach in [42]
and describe, in a fully analytical and self-consistent
model, all the possible experimental boundary condi-
tions. In more detail, a typical SFMS experiment can be
performed in two different ways depending on the specific
instruments or technology used. In particular an elastic
interaction must be considered for real experiments, be-
cause the displacement (hard device) or the force (soft
device) are applied to an ancilla macromolecule or to a
microcantilever that is then attached to the molecule.
Usually, in AFM pulling tests one of the free ends of the
macromolecule is fixed (see Fig. 1) whereas the other one
is attached to an elastic handle that is subjected to a fixed
displacement [22]. On the other hand, in other cases such
as magnetic and optical tweezers, the generated field is
used to apply a force to the handle [44].
According with previous description, following [42],
where only the case of assigned displacement has been
analyzed, we consider the macromolecule and the device
as a single thermodynamical system and extend the re-
sults also to the case of assigned force. As we show, the
Gibbs ensemble can be obtained from the Helmholtz one
by a Laplace transform [21], also in the case when the
device influence and non-convex energies are considered.
Furthermore, we obtain that the ideal hard (soft) device
can be deduced as limit regimes when the device stiffness
is much larger (smaller) than the molecule stiffness. Fi-
nally, we show the equivalence of the two ensembles in
the thermodynamic limit. This result was analytically
shown in [40] for the convex Freely Jointed Chain energy
whereas it was numerically deduced for the non-convex
case. Here we extend this result by proving this equiv-
alence even in the non-convex energy model, both when
the device is considered or not.
The paper is organized as follows. In Section II we
present the model used throughout the manuscript. In
Section III we analyze the mechanical (zero temperature)
limit. In Section IV we include the effects of temperature
and consider the cases of fixed force (Gibbs ensemble)
and fixed displacement (Helmholtz ensemble). In Section
V we consider the thermodynamic limit and show that
the results in the two ensembles coincide. In Section
VI we provide a complete discussion about all results of
this work and we summarize them in a close and simple
analytical description.
Finally, for the reader convenience in the Supplemen-
tary Information we report all the analytical details be-
cause we believe that this paper can also represent a com-
pact reference for the readers interested in the applica-
tion of Statistical Mechanics at systems with non convex
energies under general boundary conditions.
II. MODEL
In order to describe the (typically all or none) folded
→ unfolded element conformational transition, we model
the macromolecule as a chain of n bistable springs with
reference length l and total reference length L = nl. Each
spring has a biparabolic energy with the further assump-
tion of identical wells with stiffness km. After introducing
the ‘spin’ variable χi, such that χi = 0 in the folded state
and χi = 1 in the unfolded one, the total elastic energy
of the macromolecule can be written as
Vm =
n∑
i=1
1
2
kml(εi − εuχi)2, (1)
where εi is the strain of the i-th element and εu is the
unloaded strain of the second well (see Fig. 1c).
As anticipated, the key feature of the proposed ap-
proach is that an effective analysis of the influence of the
loading device on the macromolecular behavior requires
to consider the macromolecule and the device as a whole
thermodynamical system. Following [42], the device in-
fluence is described by an auxiliary spring with variable
stiffness kd, reference length αL, strain εd and energy
Vd =
1
2
αLkd ε
2
d. (2)
Moreover, due to previous discussion, we need to in-
troduce the total elongation (molecule plus handle)
d =
n∑
i=1
L
n
εi + αLεd = L(εm + α εd), (3)
where
εm =
1
n
n∑
i=1
εi (4)
is the macromolecule’s average strain. Similarly, by using
eq. (SI-4) and (4), we introduce the total averaged strain
εt =
d
L(1 + α)
⇒ (1 + α) εt = εm + αεd. (5)
Here and in the following we use the index m to denote
the macromolecule, d to denote the device and t to denote
the total (device plus macromolecule) system quantities.
4Finally, we need to introduce the total elastic energy of
the system
Vt = Vm + Vd =
n∑
i=1
1
2
kml(εi − εuχi)2 + 1
2
αLkdε
2
d. (6)
In the following we first consider the case when entropic
energy terms can be neglected and then we extend the
results to the general case measuring temperature effects.
III. MECHANICAL LIMIT
With the aim of getting physical insight in the intro-
duced model, we begin by considering the simple case
where thermal effects can be neglected.
As anticipated, we consider two different boundary
conditions (see Fig.1b). In one case, denoted as hard
device, we suppose that a fixed total displacement d is
applied and we solve the constrained problem
min
ε1, . . . , εn, εd∑
i εi/n+ αεd = εt(1 + α)
Vt(ε1, . . . , εn, εd). (7)
In the other case, known as soft device, a fixed constant
force is applied to the free end of the chain and we search
for the minima of the total potential energy:
min
ε1,...,εn,εd
Gt(εi, εd) = Vt(εi, εd)− F
(
l
n∑
i=1
εi + αLεd
)
.
(8)
In both cases, equilibrium requires a constant force F
such that
εi =
F
km
+ εuχi with i = 1, . . . , n and εd =
F
kd
.
(9)
Due to the absence of non-local interactions, the equilib-
rium force and energy only depend on the number p of
unfolded elements, here assigned by the unfolded fraction
χ¯ =
∑
i
χi
n
=
p
n
∈ [0, 1]. (10)
In particular, χ¯ = 0 and χ¯ = 1 correspond to the ini-
tial fully folded state and to the fully unfolded state,
respectively. Thus, by using (4), (5) and (9) we obtain a
compact expression for the equilibrium force
F = kmγ ((1 + α) εt − εuχ¯) (11)
and for the equilibrium strain of the macromolecule
εm = εuχ¯+ γ((1 + α) εt − εuχ¯). (12)
We introduced here the main non-dimensional parameter
of the model
γ =
kd
kd + αkm
with γ ∈ ]0, 1[. (13)
Finally, by using (11) and (12), we obtain the force-
strain relations of the macromolecule for the equilibrium
branches with different unfolded elements p;
F = km (εm − εuχ¯) . (14)
Observe that by using (11) and (12) the two-phases
equilibrium branches (χ¯ ∈]0, 1[) are defined only for
|F |/km ≤ εu corresponding to a strain domain
(1 + α)
εu
εt ∈

(
−∞, 1
γ
)
if χ¯ = 0(
χ¯− 1
γ
, χ¯+
1
γ
)
if χ¯ ∈ ]0, 1[(
1− 1
γ
, +∞
)
if χ¯ = 1
. (15)
Moreover, due to the convexity of the wells, these solu-
tions are locally stable in the case of both assigned force
and displacement.
To obtain the global minima of the energy we have
to distinguish the two cases of hard and soft device and
minimize with respect to the remaining variable χ¯. In
the case of assigned displacement, for the equilibrium
solutions the total elastic energy (7) can be rewritten as
Vt(εt) = kmL
γ
2
((1 + α)εt − εuχ¯)2 (16)
with respect to the phase fraction. One can easily show
that the branch χ¯ corresponds to the global minimum for
(see Fig. 2a)
(1 + α)
εu
εt ∈

(
−∞, 1
2n
)
if χ¯ = 0(
χ¯− 1
2n
, χ¯+
1
2n
)
if χ¯ ∈ ]0, 1[(
1− 1
2n
, +∞
)
if χ¯ = 1
.
(17)
Consequently, the force-extension behavior is assigned
by (14) with the phase fraction depending on the total
assigned strain as follows:
χ¯ = χ¯(εt) =

0 εt < ε
f
t
n∑
p=0
p
n
1Ωp(εt) ε
f
t < εt < ε
u
t
1 εt > ε
u
t
(18)
where we indicated with 1Ωp the characteristic function
of the set
Ωp =
(
εu
1 + α
(
p
n
− 1
2n
)
,
εu
1 + α
(
p
n
+
1
2n
))
, (19)
and
εft =
εu
1 + α
1
2n
, εut =
εu
1 + α
(
1− 1
2n
)
. (20)
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(b)
<latexit sha1_base64="0pALgxf7vIM1DNh7r5pBgDWL+A4=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0vmz CKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr+0bRfqdp1OwedJ05BqqRAs1/5cgchjwNQyCUzpufYEXoJ0yi4hGnZjQ1EjI/ZCHop VSwA4yV56Ck9jA3DkEagqZA0F+H3RsICYyaBn04GDG/NrJeJ/3m9GIcXXiJUFCMonh1CISE/ZLgWaRtAB0IDIsuSAxWKcqYZImhBGeepGKf1lNM+nNnv50n7pO7Ydef6tNo4K5opkX1yQGrEIeekQa5Ik7QIJ3fkiTyTF+vRerXerPef0QWr2Nkjf2B9fAOOWZXp</latexit><latexit sha1_base64="0pALgxf7vIM1DNh7r5pBgDWL+A4=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0vmz CKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr+0bRfqdp1OwedJ05BqqRAs1/5cgchjwNQyCUzpufYEXoJ0yi4hGnZjQ1EjI/ZCHop VSwA4yV56Ck9jA3DkEagqZA0F+H3RsICYyaBn04GDG/NrJeJ/3m9GIcXXiJUFCMonh1CISE/ZLgWaRtAB0IDIsuSAxWKcqYZImhBGeepGKf1lNM+nNnv50n7pO7Ydef6tNo4K5opkX1yQGrEIeekQa5Ik7QIJ3fkiTyTF+vRerXerPef0QWr2Nkjf2B9fAOOWZXp</latexit><latexit sha1_base64="0pALgxf7vIM1DNh7r5pBgDWL+A4=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0vmz CKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr+0bRfqdp1OwedJ05BqqRAs1/5cgchjwNQyCUzpufYEXoJ0yi4hGnZjQ1EjI/ZCHop VSwA4yV56Ck9jA3DkEagqZA0F+H3RsICYyaBn04GDG/NrJeJ/3m9GIcXXiJUFCMonh1CISE/ZLgWaRtAB0IDIsuSAxWKcqYZImhBGeepGKf1lNM+nNnv50n7pO7Ydef6tNo4K5opkX1yQGrEIeekQa5Ik7QIJ3fkiTyTF+vRerXerPef0QWr2Nkjf2B9fAOOWZXp</latexit><latexit sha1_base64="0pALgxf7vIM1DNh7r5pBgDWL+A4=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QkAZiYYySOQhxVZ0vmz CKeezuVsjIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMGjbn9bC4tLyympprby+sbm1XdnZbZsw1hxaPJSh7vrMgBQKWihQQjfSwAJfQscfX2Z+5x60EaG6wUkEXsBGSgwFZ5hKnntMXYQHTGr+0bRfqdp1OwedJ05BqqRAs1/5cgchjwNQyCUzpufYEXoJ0yi4hGnZjQ1EjI/ZCHop VSwA4yV56Ck9jA3DkEagqZA0F+H3RsICYyaBn04GDG/NrJeJ/3m9GIcXXiJUFCMonh1CISE/ZLgWaRtAB0IDIsuSAxWKcqYZImhBGeepGKf1lNM+nNnv50n7pO7Ydef6tNo4K5opkX1yQGrEIeekQa5Ik7QIJ3fkiTyTF+vRerXerPef0QWr2Nkjf2B9fAOOWZXp</latexit>
(a)
<latexit sha1_base64="aAylYuGYSHetbFcU3gmnt9mkW9A=">AA AB/3icbVDLSgNBEJz1GeMr6tHLYBAiSNgVUY8BLx4jmAdkl9A76cQhsw9nesWw5OBXeNWTN/Hqp3jwX9zEPWhinYqqbrq6/FhJQ7b9aS0s Li2vrBbWiusbm1vbpZ3dpokSLbAhIhXptg8GlQyxQZIUtmONEPgKW/7wcuK37lEbGYU3NIrRC2AQyr4UQJnkucfcJXygtAJH426pbFftKf g8cXJSZjnq3dKX24tEEmBIQoExHceOyUtBkxQKx0U3MRiDGMIAOxkNIUDjpdPQY36YGKCIx6i5VHwq4u+NFAJjRoGfTQZAt2bWm4j/eZ2E+ hdeKsM4IQzF5BBJhdNDRmiZtYG8JzUSwSQ5chlyARqIUEsOQmRiktVTzPpwZr+fJ82TqmNXnevTcu0sb6bA9tkBqzCHnbMau2J11mCC3bE n9sxerEfr1Xqz3n9GF6x8Z4/9gfXxDYzIleg=</latexit><latexit sha1_base64="aAylYuGYSHetbFcU3gmnt9mkW9A=">AA AB/3icbVDLSgNBEJz1GeMr6tHLYBAiSNgVUY8BLx4jmAdkl9A76cQhsw9nesWw5OBXeNWTN/Hqp3jwX9zEPWhinYqqbrq6/FhJQ7b9aS0s Li2vrBbWiusbm1vbpZ3dpokSLbAhIhXptg8GlQyxQZIUtmONEPgKW/7wcuK37lEbGYU3NIrRC2AQyr4UQJnkucfcJXygtAJH426pbFftKf g8cXJSZjnq3dKX24tEEmBIQoExHceOyUtBkxQKx0U3MRiDGMIAOxkNIUDjpdPQY36YGKCIx6i5VHwq4u+NFAJjRoGfTQZAt2bWm4j/eZ2E+ hdeKsM4IQzF5BBJhdNDRmiZtYG8JzUSwSQ5chlyARqIUEsOQmRiktVTzPpwZr+fJ82TqmNXnevTcu0sb6bA9tkBqzCHnbMau2J11mCC3bE n9sxerEfr1Xqz3n9GF6x8Z4/9gfXxDYzIleg=</latexit><latexit sha1_base64="aAylYuGYSHetbFcU3gmnt9mkW9A=">AA AB/3icbVDLSgNBEJz1GeMr6tHLYBAiSNgVUY8BLx4jmAdkl9A76cQhsw9nesWw5OBXeNWTN/Hqp3jwX9zEPWhinYqqbrq6/FhJQ7b9aS0s Li2vrBbWiusbm1vbpZ3dpokSLbAhIhXptg8GlQyxQZIUtmONEPgKW/7wcuK37lEbGYU3NIrRC2AQyr4UQJnkucfcJXygtAJH426pbFftKf g8cXJSZjnq3dKX24tEEmBIQoExHceOyUtBkxQKx0U3MRiDGMIAOxkNIUDjpdPQY36YGKCIx6i5VHwq4u+NFAJjRoGfTQZAt2bWm4j/eZ2E+ hdeKsM4IQzF5BBJhdNDRmiZtYG8JzUSwSQ5chlyARqIUEsOQmRiktVTzPpwZr+fJ82TqmNXnevTcu0sb6bA9tkBqzCHnbMau2J11mCC3bE n9sxerEfr1Xqz3n9GF6x8Z4/9gfXxDYzIleg=</latexit><latexit sha1_base64="aAylYuGYSHetbFcU3gmnt9mkW9A=">AA AB/3icbVDLSgNBEJz1GeMr6tHLYBAiSNgVUY8BLx4jmAdkl9A76cQhsw9nesWw5OBXeNWTN/Hqp3jwX9zEPWhinYqqbrq6/FhJQ7b9aS0s Li2vrBbWiusbm1vbpZ3dpokSLbAhIhXptg8GlQyxQZIUtmONEPgKW/7wcuK37lEbGYU3NIrRC2AQyr4UQJnkucfcJXygtAJH426pbFftKf g8cXJSZjnq3dKX24tEEmBIQoExHceOyUtBkxQKx0U3MRiDGMIAOxkNIUDjpdPQY36YGKCIx6i5VHwq4u+NFAJjRoGfTQZAt2bWm4j/eZ2E+ hdeKsM4IQzF5BBJhdNDRmiZtYG8JzUSwSQ5chlyARqIUEsOQmRiktVTzPpwZr+fJ82TqmNXnevTcu0sb6bA9tkBqzCHnbMau2J11mCC3bE n9sxerEfr1Xqz3n9GF6x8Z4/9gfXxDYzIleg=</latexit>
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"m
<latexit sha1_base64="rZ2FgFz8GV6xATrgieN05rlyWCE=">AA AB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ew tr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke6H/XLFrboL8F Xi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI3F//zugkNa 34qdZwQajE/RFLh4pAVRmZtIB9Ig0QwT45cai7AABEayUGITEyyekpZH97y96ukdVH13Kp3e1mp1/JmiuyEnbJz5rErVmc3rMGaTLAH9sS e2Yvz6Lw6b877z2jByXeO2R84H98W75bi</latexit><latexit sha1_base64="rZ2FgFz8GV6xATrgieN05rlyWCE=">AA AB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ew tr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke6H/XLFrboL8F Xi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI3F//zugkNa 34qdZwQajE/RFLh4pAVRmZtIB9Ig0QwT45cai7AABEayUGITEyyekpZH97y96ukdVH13Kp3e1mp1/JmiuyEnbJz5rErVmc3rMGaTLAH9sS e2Yvz6Lw6b877z2jByXeO2R84H98W75bi</latexit><latexit sha1_base64="rZ2FgFz8GV6xATrgieN05rlyWCE=">AA AB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ew tr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke6H/XLFrboL8F Xi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI3F//zugkNa 34qdZwQajE/RFLh4pAVRmZtIB9Ig0QwT45cai7AABEayUGITEyyekpZH97y96ukdVH13Kp3e1mp1/JmiuyEnbJz5rErVmc3rMGaTLAH9sS e2Yvz6Lw6b877z2jByXeO2R84H98W75bi</latexit><latexit sha1_base64="rZ2FgFz8GV6xATrgieN05rlyWCE=">AA AB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ew tr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke6H/XLFrboL8F Xi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI3F//zugkNa 34qdZwQajE/RFLh4pAVRmZtIB9Ig0QwT45cai7AABEayUGITEyyekpZH97y96ukdVH13Kp3e1mp1/JmiuyEnbJz5rErVmc3rMGaTLAH9sS e2Yvz6Lw6b877z2jByXeO2R84H98W75bi</latexit>
"m
<latexit sha1_base64="rZ2FgFz8GV6xATrgieN05rlyWCE=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl00 45Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke6H/XLFrboL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRD iNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI3F//zugkNa34qdZwQajE/RFLh4pAVRmZtIB9Ig0QwT45cai7AABEayUGITEyyekpZH97y96ukdVH13Kp3e1mp1/JmiuyEnbJz5rErVmc3rMGaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98W75bi</latexit><latexit sha1_base64="rZ2FgFz8GV6xATrgieN05rlyWCE=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl00 45Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke6H/XLFrboL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRD iNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI3F//zugkNa34qdZwQajE/RFLh4pAVRmZtIB9Ig0QwT45cai7AABEayUGITEyyekpZH97y96ukdVH13Kp3e1mp1/JmiuyEnbJz5rErVmc3rMGaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98W75bi</latexit><latexit sha1_base64="rZ2FgFz8GV6xATrgieN05rlyWCE=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl00 45Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke6H/XLFrboL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRD iNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI3F//zugkNa34qdZwQajE/RFLh4pAVRmZtIB9Ig0QwT45cai7AABEayUGITEyyekpZH97y96ukdVH13Kp3e1mp1/JmiuyEnbJz5rErVmc3rMGaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98W75bi</latexit><latexit sha1_base64="rZ2FgFz8GV6xATrgieN05rlyWCE=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIREikj0VAGiTykxIrWl00 45Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLdT6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke6H/XLFrboL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRD iNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI3F//zugkNa34qdZwQajE/RFLh4pAVRmZtIB9Ig0QwT45cai7AABEayUGITEyyekpZH97y96ukdVH13Kp3e1mp1/JmiuyEnbJz5rErVmc3rMGaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98W75bi</latexit>
(c)
<latexit sha1_base64="/4NaXN8aJ4czk2H02/2A5Hqw3Fw=">AA AB/nicbVDLSsNAFJ3UV62vqks3g0WoICURUZcFNy4r2Ac0oUymt3XoJBlmbsQSCn6FW125E7f+igv/xSRmoa1ndTjnXu65x1dSGLTtT6u0 tLyyulZer2xsbm3vVHf3OiaKNYc2j2Skez4zIEUIbRQooac0sMCX0PUnV5nfvQdtRBTe4lSBF7BxKEaCM0wl1z1xER4wqfPj2aBasxt2Dr pInILUSIHWoPrlDiMeBxAil8yYvmMr9BKmUXAJs4obG1CMT9gY+ikNWQDGS/LMM3oUG4YRVaCpkDQX4fdGwgJjpoGfTgYM78y8l4n/ef0YR 5deIkIVI4Q8O4RCQn7IcC3SMoAOhQZEliUHKkLKmWaIoAVlnKdinLZTSftw5r9fJJ3ThmM3nJuzWvO8aKZMDsghqROHXJAmuSYt0iacKPJ EnsmL9Wi9Wm/W+89oySp29skfWB/fNz2VwA==</latexit><latexit sha1_base64="/4NaXN8aJ4czk2H02/2A5Hqw3Fw=">AA AB/nicbVDLSsNAFJ3UV62vqks3g0WoICURUZcFNy4r2Ac0oUymt3XoJBlmbsQSCn6FW125E7f+igv/xSRmoa1ndTjnXu65x1dSGLTtT6u0 tLyyulZer2xsbm3vVHf3OiaKNYc2j2Skez4zIEUIbRQooac0sMCX0PUnV5nfvQdtRBTe4lSBF7BxKEaCM0wl1z1xER4wqfPj2aBasxt2Dr pInILUSIHWoPrlDiMeBxAil8yYvmMr9BKmUXAJs4obG1CMT9gY+ikNWQDGS/LMM3oUG4YRVaCpkDQX4fdGwgJjpoGfTgYM78y8l4n/ef0YR 5deIkIVI4Q8O4RCQn7IcC3SMoAOhQZEliUHKkLKmWaIoAVlnKdinLZTSftw5r9fJJ3ThmM3nJuzWvO8aKZMDsghqROHXJAmuSYt0iacKPJ EnsmL9Wi9Wm/W+89oySp29skfWB/fNz2VwA==</latexit><latexit sha1_base64="/4NaXN8aJ4czk2H02/2A5Hqw3Fw=">AA AB/nicbVDLSsNAFJ3UV62vqks3g0WoICURUZcFNy4r2Ac0oUymt3XoJBlmbsQSCn6FW125E7f+igv/xSRmoa1ndTjnXu65x1dSGLTtT6u0 tLyyulZer2xsbm3vVHf3OiaKNYc2j2Skez4zIEUIbRQooac0sMCX0PUnV5nfvQdtRBTe4lSBF7BxKEaCM0wl1z1xER4wqfPj2aBasxt2Dr pInILUSIHWoPrlDiMeBxAil8yYvmMr9BKmUXAJs4obG1CMT9gY+ikNWQDGS/LMM3oUG4YRVaCpkDQX4fdGwgJjpoGfTgYM78y8l4n/ef0YR 5deIkIVI4Q8O4RCQn7IcC3SMoAOhQZEliUHKkLKmWaIoAVlnKdinLZTSftw5r9fJJ3ThmM3nJuzWvO8aKZMDsghqROHXJAmuSYt0iacKPJ EnsmL9Wi9Wm/W+89oySp29skfWB/fNz2VwA==</latexit><latexit sha1_base64="/4NaXN8aJ4czk2H02/2A5Hqw3Fw=">AA AB/nicbVDLSsNAFJ3UV62vqks3g0WoICURUZcFNy4r2Ac0oUymt3XoJBlmbsQSCn6FW125E7f+igv/xSRmoa1ndTjnXu65x1dSGLTtT6u0 tLyyulZer2xsbm3vVHf3OiaKNYc2j2Skez4zIEUIbRQooac0sMCX0PUnV5nfvQdtRBTe4lSBF7BxKEaCM0wl1z1xER4wqfPj2aBasxt2Dr pInILUSIHWoPrlDiMeBxAil8yYvmMr9BKmUXAJs4obG1CMT9gY+ikNWQDGS/LMM3oUG4YRVaCpkDQX4fdGwgJjpoGfTgYM78y8l4n/ef0YR 5deIkIVI4Q8O4RCQn7IcC3SMoAOhQZEliUHKkLKmWaIoAVlnKdinLZTSftw5r9fJJ3ThmM3nJuzWvO8aKZMDsghqROHXJAmuSYt0iacKPJ EnsmL9Wi9Wm/W+89oySp29skfWB/fNz2VwA==</latexit>
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FIG. 2. Equilibrium branches (thin lines) and global energy minima (thick lines) in the mechanical limit. (a) Total elastic
energy (hard device) (a) and potential energy (b)(soft device). Force-extension diagrams under the Maxwell convention in the
hard (c) and (d) soft device: dashed lines represent strain discontinuities. Here α = 0.1, n = 5 and γ = 0.5, L = 1, km = 1.
Differently, in the case of assigned force we have to
minimize the potential energy with respect to the phase
fraction χ¯; in particular, for the equilibrium solutions (8)
the energy can be written as
Gt(F ) = − L
2kmγ
F 2 − εuLχ¯F. (21)
Thus, the global energy minimum corresponds to the
fully folded state χ¯ = 0 for F < 0 and to the fully un-
folded state χ¯ = 1 for F > 0, as shown in Fig. 2b. Fi-
nally, the force-displacement relation is again given by
(14) with
χ¯ = χ¯(F ) = 1]0,∞[(F ). (22)
The behavior of the system under the hypothesis that
its configurations correspond to the global minima of the
energy (Maxwell convention) are represented in Fig. 2c
with thick lines for the case of hard device. As the fig-
ure shows the transition corresponds to a sawtooth path
with the elements unfolding one at a time at a constant
transition force F = Fun that using (11) and (17) is given
by
Fun =
km εuγ
2n
. (23)
This behavior reflects the experimental results of the
behavior of AFM unfolding experiments [22] with a peri-
odic sawtooth path corresponding to the successive tran-
sition of the single domain.
The case of assigned force is represented in Fig. 2d.
Observe that under this boundary conditions the tran-
sition is always cooperative, with a single value force
threshold independent on the relative stiffness parame-
ter γ.
It is important to remark that the experiments show
both in the case of hard and soft device a hardening be-
havior with the unfolding force increasing with the un-
folded fraction [22]. Interestingly, in the following we
show that this hardening behavior can be associated to
an entropic effect.
The main point that we can already observe in the me-
chanical limit is the strong dependence of the stability
domains and of the unfolding force on the device stiff-
ness, with a linear dependence of the force on both γ and
6the discreteness parameter n. While we can already de-
duce that the behavior of the system in the hard device
reproduces the behavior of the soft device in both cases
of γ → 0 and n → ∞, we postpone this discussion to
Section V. There, we obtain analytically this new result
even in the case when we do not neglect entropic energy
terms.
IV. TEMPERATURE EFFECTS: HELMHOLTZ
AND GIBBS STATISTICAL ENSEMBLES
In this section we analyze the temperature effects in
the case of hard and soft devices, corresponding, re-
spectively, to the Helmholtz and Gibbs ensembles in the
framework of Statistical Mechanics. Thus, as in the me-
chanical limit, we consider the system and the measuring
device as a whole and we study separately the cases of
assigned displacement and assigned force acting on the
handle of the experimental device.
A. Hard device: Helmholtz ensemble
To describe the system in thermal equilibrium in the
case of assigned displacement, we consider the canonical
partition function in the Helmholtz statistical ensemble
H . Due to the absence of non nearest neighborhood in-
teractions, the chains energy depends only on the number
p of unfolded domains and not on the specific phase con-
figuration χ. As a result (see SI and [42]) the partition
function assumes the simple form
ZH = KH
n∑
p=0
(
n
p
)
e−
βkmlγn
2 (εu
p
n−(1+α) εt)
2
, (24)
where KH is a constant, taking into account also the
kinetic energy, β = 1/kBT , with kB the Boltzmann con-
stant and T the absolute temperature. The binomial co-
efficient gives the number of configurations of the chain
with p unfolded domains among the n bistable elements.
Remark We point out that (see SI) in order to obtain
this analytical expression we assume that the two wells
are extended beyond the spinodal point [39, 42] and for
fixed phase configuration χi we integrate each εi in R.
In [42] the authors numerically showed that this approx-
imation does not influence the energy minimization in
the temperature regimes of interest for real experiments.
The Helmholtz free energy (F) is, by definition,
F = − 1
β
lnZH . (25)
Consequently (see SI) we can evaluate the expectation
value of the force conjugated to the applied displacement
d
〈F 〉 = 1
L(1 + α)
∂F
∂εt
= kmγ ((1 + α) εt − εu〈χ¯〉), (26)
where
〈χ¯〉 = 〈χ¯〉H (β, εt) =
n∑
p=0
(
n
p
)
p
n
e−
βkmlnγ
2 (εu
p
n−(1+α) εt)
2
n∑
p=0
(
n
p
)
e−
βkmlnγ
2 (εu
p
n−(1+α) εt)
2
(27)
is the expectation value of the fraction χ¯ of unfolded do-
mains. After some manipulation (see again SI) we obtain
the expectation value of the macromolecule strain
〈εm〉 = εu〈χ¯〉+ γ ((1 + α)εt − εu〈χ¯〉) . (28)
Finally, by using (26) and (28) we obtain
〈F 〉 = km(〈εm〉 − εu〈χ¯〉) (29)
by which we can study the effect of temperature and
device stiffness (through the parameter γ) on the macro-
molecule.
Observe that (26), (28), (29) are formally identical to
the equations (11), (12), and (14) obtained in the me-
chanical limit case, with the only difference in the ex-
pression of the fraction, which is temperature dependent
consistently with (27).
In Fig. 3 we show the influence of temperature, de-
vice stiffness and number of elements n of the chain on
the unfolding behavior of the macromolecule. A detailed
interpretation of these results can be found in Section VI.
B. Soft device: Gibbs ensemble
The partition functions of Gibbs (G ) and Helmholtz
(H ) ensembles are related by a Laplace transform with
force F and displacement d as conjugate variables [21].
Thus, using (5), we have
ZG =
∫
ZH e
β Fddd = (1+α)L
∫
ZH e
β(L(1+α) εt F )dεt.
(30)
A detailed calculation leads to a Gaussian integral
whose solution is the partition function in the Gibbs
canonical ensemble (see SI), that can be written as
ZG = KG
n∑
p=0
(
n
p
)
e
βln
2kmγ
(F 2+2kmγεu pnF). (31)
Again we used the simplifying result that due to the
absence of non nearest neighborhood interactions the en-
ergy depends only on the number of unfolded elements.
In this case, it is possibile to evaluate explicitly this sum-
mation in order to obtain
ZG = KG
(
1 + eβlεuF
)n
e
βln
2kmγ
F 2 . (32)
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<latexit sha1_base64="mVaL7DqNaz/XNFj78KtRebKLmPw="> AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrJRJCgj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLd T6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke6H/XLF rboL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI 3F//zugkNr/xU6jgh1GJ+iKTCxSErjMzaQD6QBolgnhy51FyAASI0koMQmZhk9ZSyPrzl71dJ66LquVXvtlap1/JmiuyEnbJz5rFLVmc 3rMGaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98Vu5be</latexit><latexit sha1_base64="mVaL7DqNaz/XNFj78KtRebKLmPw="> AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrJRJCgj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLd T6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke6H/XLF rboL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI 3F//zugkNr/xU6jgh1GJ+iKTCxSErjMzaQD6QBolgnhy51FyAASI0koMQmZhk9ZSyPrzl71dJ66LquVXvtlap1/JmiuyEnbJz5rFLVmc 3rMGaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98Vu5be</latexit><latexit sha1_base64="mVaL7DqNaz/XNFj78KtRebKLmPw="> AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrJRJCgj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLd T6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke6H/XLF rboL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI 3F//zugkNr/xU6jgh1GJ+iKTCxSErjMzaQD6QBolgnhy51FyAASI0koMQmZhk9ZSyPrzl71dJ66LquVXvtlap1/JmiuyEnbJz5rFLVmc 3rMGaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98Vu5be</latexit><latexit sha1_base64="mVaL7DqNaz/XNFj78KtRebKLmPw="> AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrJRJCgj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLd T6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke6H/XLF rboL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI 3F//zugkNr/xU6jgh1GJ+iKTCxSErjMzaQD6QBolgnhy51FyAASI0koMQmZhk9ZSyPrzl71dJ66LquVXvtlap1/JmiuyEnbJz5rFLVmc 3rMGaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98Vu5be</latexit>
"m
<latexit sha1_base64="mVaL7DqNaz/XNFj78KtRebKLmPw="> AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrJRJCgj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLd T6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke6H/XLF rboL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI 3F//zugkNr/xU6jgh1GJ+iKTCxSErjMzaQD6QBolgnhy51FyAASI0koMQmZhk9ZSyPrzl71dJ66LquVXvtlap1/JmiuyEnbJz5rFLVmc 3rMGaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98Vu5be</latexit><latexit sha1_base64="mVaL7DqNaz/XNFj78KtRebKLmPw="> AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrJRJCgj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLd T6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke6H/XLF rboL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI 3F//zugkNr/xU6jgh1GJ+iKTCxSErjMzaQD6QBolgnhy51FyAASI0koMQmZhk9ZSyPrzl71dJ66LquVXvtlap1/JmiuyEnbJz5rFLVmc 3rMGaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98Vu5be</latexit><latexit sha1_base64="mVaL7DqNaz/XNFj78KtRebKLmPw="> AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrJRJCgj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLd T6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke6H/XLF rboL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI 3F//zugkNr/xU6jgh1GJ+iKTCxSErjMzaQD6QBolgnhy51FyAASI0koMQmZhk9ZSyPrzl71dJ66LquVXvtlap1/JmiuyEnbJz5rFLVmc 3rMGaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98Vu5be</latexit><latexit sha1_base64="mVaL7DqNaz/XNFj78KtRebKLmPw="> AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrJRJCgj0VAGiTykxIrWl0045Xw2d+tIkZWCr6CFig7R8ikU/AtOcAEJU41mdrWzE8RKWnLd T6ewtr6xuVXcLu3s7u0flA+PWjZKjMCmiFRkOgFYVFJjkyQp7MQGIQwUtoPx9dxvT9BYGek7msbohzDScigFUCb5vQkYjK1Uke6H/XLF rboL8FXi5aTCcjT65a/eIBJJiJqEAmu7nhuTn4IhKRTOSr3EYgxiDCPsZlRDiNZPF6Fn/CyxQBGP0XCp+ELE3xsphNZOwyCbDIHu7bI 3F//zugkNr/xU6jgh1GJ+iKTCxSErjMzaQD6QBolgnhy51FyAASI0koMQmZhk9ZSyPrzl71dJ66LquVXvtlap1/JmiuyEnbJz5rFLVmc 3rMGaTLAH9sSe2Yvz6Lw6b877z2jByXeO2R84H98Vu5be</latexit>
(a)
<latexit sha1_base64="RmqQ8vOnPVbMdh8oTc6jQFHB7dQ="> AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMQQcKuBPQY8OIxgnlAdgm9k04cMvtgplcMS8Cv8Konb+LVX/Hgv7gbc9DEOhVV3XR1+bGShmz7 0yqsrK6tbxQ3S1vbO7t75f2DtokSLbAlIhXprg8GlQyxRZIUdmONEPgKO/74Kvc796iNjMJbmsToBTAK5VAKoExy3TOX8IHSKpxO++WK XbNn4MvEmZMKm6PZL3+5g0gkAYYkFBjTc+yYvBQ0SaFwWnITgzGIMYywl9EQAjReOss85SeJAYp4jJpLxWci/t5IITBmEvjZZAB0Zxa 9XPzP6yU0vPRSGcYJYSjyQyQVzg4ZoWVWBvKB1EgEeXLkMuQCNBChlhyEyMQka6eU9eEsfr9M2uc1x645N/VKoz5vpsiO2DGrModdsAa 7Zk3WYoLF7Ik9sxfr0Xq13qz3n9GCNd85ZH9gfXwDM4GVvA==</latexit><latexit sha1_base64="RmqQ8vOnPVbMdh8oTc6jQFHB7dQ="> AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMQQcKuBPQY8OIxgnlAdgm9k04cMvtgplcMS8Cv8Konb+LVX/Hgv7gbc9DEOhVV3XR1+bGShmz7 0yqsrK6tbxQ3S1vbO7t75f2DtokSLbAlIhXprg8GlQyxRZIUdmONEPgKO/74Kvc796iNjMJbmsToBTAK5VAKoExy3TOX8IHSKpxO++WK XbNn4MvEmZMKm6PZL3+5g0gkAYYkFBjTc+yYvBQ0SaFwWnITgzGIMYywl9EQAjReOss85SeJAYp4jJpLxWci/t5IITBmEvjZZAB0Zxa 9XPzP6yU0vPRSGcYJYSjyQyQVzg4ZoWVWBvKB1EgEeXLkMuQCNBChlhyEyMQka6eU9eEsfr9M2uc1x645N/VKoz5vpsiO2DGrModdsAa 7Zk3WYoLF7Ik9sxfr0Xq13qz3n9GCNd85ZH9gfXwDM4GVvA==</latexit><latexit sha1_base64="RmqQ8vOnPVbMdh8oTc6jQFHB7dQ="> AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMQQcKuBPQY8OIxgnlAdgm9k04cMvtgplcMS8Cv8Konb+LVX/Hgv7gbc9DEOhVV3XR1+bGShmz7 0yqsrK6tbxQ3S1vbO7t75f2DtokSLbAlIhXprg8GlQyxRZIUdmONEPgKO/74Kvc796iNjMJbmsToBTAK5VAKoExy3TOX8IHSKpxO++WK XbNn4MvEmZMKm6PZL3+5g0gkAYYkFBjTc+yYvBQ0SaFwWnITgzGIMYywl9EQAjReOss85SeJAYp4jJpLxWci/t5IITBmEvjZZAB0Zxa 9XPzP6yU0vPRSGcYJYSjyQyQVzg4ZoWVWBvKB1EgEeXLkMuQCNBChlhyEyMQka6eU9eEsfr9M2uc1x645N/VKoz5vpsiO2DGrModdsAa 7Zk3WYoLF7Ik9sxfr0Xq13qz3n9GCNd85ZH9gfXwDM4GVvA==</latexit><latexit sha1_base64="RmqQ8vOnPVbMdh8oTc6jQFHB7dQ="> AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMQQcKuBPQY8OIxgnlAdgm9k04cMvtgplcMS8Cv8Konb+LVX/Hgv7gbc9DEOhVV3XR1+bGShmz7 0yqsrK6tbxQ3S1vbO7t75f2DtokSLbAlIhXprg8GlQyxRZIUdmONEPgKO/74Kvc796iNjMJbmsToBTAK5VAKoExy3TOX8IHSKpxO++WK XbNn4MvEmZMKm6PZL3+5g0gkAYYkFBjTc+yYvBQ0SaFwWnITgzGIMYywl9EQAjReOss85SeJAYp4jJpLxWci/t5IITBmEvjZZAB0Zxa 9XPzP6yU0vPRSGcYJYSjyQyQVzg4ZoWVWBvKB1EgEeXLkMuQCNBChlhyEyMQka6eU9eEsfr9M2uc1x645N/VKoz5vpsiO2DGrModdsAa 7Zk3WYoLF7Ik9sxfr0Xq13qz3n9GCNd85ZH9gfXwDM4GVvA==</latexit>
(b)
<latexit sha1_base64="RW2LhFcsoD3vjo+PDiIye1kNgcI="> AAAB/nicbVDLSsNAFJ3UV62vqks3g0WoICWRgi4LblxWsA9oQplMb+vQSTLM3IglFPwKt7pyJ279FRf+i0nMQlvP6nDOvdxzj6+kMGjb n1ZpZXVtfaO8Wdna3tndq+4fdE0Uaw4dHslI931mQIoQOihQQl9pYIEvoedPrzK/dw/aiCi8xZkCL2CTUIwFZ5hKrnvmIjxgUvdP58Nq zW7YOegycQpSIwXaw+qXO4p4HECIXDJjBo6t0EuYRsElzCtubEAxPmUTGKQ0ZAEYL8kzz+lJbBhGVIGmQtJchN8bCQuMmQV+OhkwvDO LXib+5w1iHF96iQhVjBDy7BAKCfkhw7VIywA6EhoQWZYcqAgpZ5ohghaUcZ6KcdpOJe3DWfx+mXTPG47dcG6atVazaKZMjsgxqROHXJA WuSZt0iGcKPJEnsmL9Wi9Wm/W+89oySp2DskfWB/fNRKVvQ==</latexit><latexit sha1_base64="RW2LhFcsoD3vjo+PDiIye1kNgcI="> AAAB/nicbVDLSsNAFJ3UV62vqks3g0WoICWRgi4LblxWsA9oQplMb+vQSTLM3IglFPwKt7pyJ279FRf+i0nMQlvP6nDOvdxzj6+kMGjb n1ZpZXVtfaO8Wdna3tndq+4fdE0Uaw4dHslI931mQIoQOihQQl9pYIEvoedPrzK/dw/aiCi8xZkCL2CTUIwFZ5hKrnvmIjxgUvdP58Nq zW7YOegycQpSIwXaw+qXO4p4HECIXDJjBo6t0EuYRsElzCtubEAxPmUTGKQ0ZAEYL8kzz+lJbBhGVIGmQtJchN8bCQuMmQV+OhkwvDO LXib+5w1iHF96iQhVjBDy7BAKCfkhw7VIywA6EhoQWZYcqAgpZ5ohghaUcZ6KcdpOJe3DWfx+mXTPG47dcG6atVazaKZMjsgxqROHXJA WuSZt0iGcKPJEnsmL9Wi9Wm/W+89oySp2DskfWB/fNRKVvQ==</latexit><latexit sha1_base64="RW2LhFcsoD3vjo+PDiIye1kNgcI="> AAAB/nicbVDLSsNAFJ3UV62vqks3g0WoICWRgi4LblxWsA9oQplMb+vQSTLM3IglFPwKt7pyJ279FRf+i0nMQlvP6nDOvdxzj6+kMGjb n1ZpZXVtfaO8Wdna3tndq+4fdE0Uaw4dHslI931mQIoQOihQQl9pYIEvoedPrzK/dw/aiCi8xZkCL2CTUIwFZ5hKrnvmIjxgUvdP58Nq zW7YOegycQpSIwXaw+qXO4p4HECIXDJjBo6t0EuYRsElzCtubEAxPmUTGKQ0ZAEYL8kzz+lJbBhGVIGmQtJchN8bCQuMmQV+OhkwvDO LXib+5w1iHF96iQhVjBDy7BAKCfkhw7VIywA6EhoQWZYcqAgpZ5ohghaUcZ6KcdpOJe3DWfx+mXTPG47dcG6atVazaKZMjsgxqROHXJA WuSZt0iGcKPJEnsmL9Wi9Wm/W+89oySp2DskfWB/fNRKVvQ==</latexit><latexit sha1_base64="RW2LhFcsoD3vjo+PDiIye1kNgcI="> AAAB/nicbVDLSsNAFJ3UV62vqks3g0WoICWRgi4LblxWsA9oQplMb+vQSTLM3IglFPwKt7pyJ279FRf+i0nMQlvP6nDOvdxzj6+kMGjb n1ZpZXVtfaO8Wdna3tndq+4fdE0Uaw4dHslI931mQIoQOihQQl9pYIEvoedPrzK/dw/aiCi8xZkCL2CTUIwFZ5hKrnvmIjxgUvdP58Nq zW7YOegycQpSIwXaw+qXO4p4HECIXDJjBo6t0EuYRsElzCtubEAxPmUTGKQ0ZAEYL8kzz+lJbBhGVIGmQtJchN8bCQuMmQV+OhkwvDO LXib+5w1iHF96iQhVjBDy7BAKCfkhw7VIywA6EhoQWZYcqAgpZ5ohghaUcZ6KcdpOJe3DWfx+mXTPG47dcG6atVazaKZMjsgxqROHXJA WuSZt0iGcKPJEnsmL9Wi9Wm/W+89oySp2DskfWB/fNRKVvQ==</latexit>
(c)
<latexit sha1_base64="v1/m5YR7E0A7yCEhLvkOCZCwOwQ="> AAAB/nicbVDLSsNAFJ3UV62vqks3g0WoICWRgi4LblxWsA9oQplMb+vQSTLM3IglFPwKt7pyJ279FRf+i0nMQlvP6nDOvdxzj6+kMGjb n1ZpZXVtfaO8Wdna3tndq+4fdE0Uaw4dHslI931mQIoQOihQQl9pYIEvoedPrzK/dw/aiCi8xZkCL2CTUIwFZ5hKrnvmIjxgUuen82G1 ZjfsHHSZOAWpkQLtYfXLHUU8DiBELpkxA8dW6CVMo+AS5hU3NqAYn7IJDFIasgCMl+SZ5/QkNgwjqkBTIWkuwu+NhAXGzAI/nQwY3pl FLxP/8wYxji+9RIQqRgh5dgiFhPyQ4VqkZQAdCQ2ILEsOVISUM80QQQvKOE/FOG2nkvbhLH6/TLrnDcduODfNWqtZNFMmR+SY1IlDLki LXJM26RBOFHkiz+TFerRerTfr/We0ZBU7h+QPrI9vNqOVvg==</latexit><latexit sha1_base64="v1/m5YR7E0A7yCEhLvkOCZCwOwQ="> AAAB/nicbVDLSsNAFJ3UV62vqks3g0WoICWRgi4LblxWsA9oQplMb+vQSTLM3IglFPwKt7pyJ279FRf+i0nMQlvP6nDOvdxzj6+kMGjb n1ZpZXVtfaO8Wdna3tndq+4fdE0Uaw4dHslI931mQIoQOihQQl9pYIEvoedPrzK/dw/aiCi8xZkCL2CTUIwFZ5hKrnvmIjxgUuen82G1 ZjfsHHSZOAWpkQLtYfXLHUU8DiBELpkxA8dW6CVMo+AS5hU3NqAYn7IJDFIasgCMl+SZ5/QkNgwjqkBTIWkuwu+NhAXGzAI/nQwY3pl FLxP/8wYxji+9RIQqRgh5dgiFhPyQ4VqkZQAdCQ2ILEsOVISUM80QQQvKOE/FOG2nkvbhLH6/TLrnDcduODfNWqtZNFMmR+SY1IlDLki LXJM26RBOFHkiz+TFerRerTfr/We0ZBU7h+QPrI9vNqOVvg==</latexit><latexit sha1_base64="v1/m5YR7E0A7yCEhLvkOCZCwOwQ="> AAAB/nicbVDLSsNAFJ3UV62vqks3g0WoICWRgi4LblxWsA9oQplMb+vQSTLM3IglFPwKt7pyJ279FRf+i0nMQlvP6nDOvdxzj6+kMGjb n1ZpZXVtfaO8Wdna3tndq+4fdE0Uaw4dHslI931mQIoQOihQQl9pYIEvoedPrzK/dw/aiCi8xZkCL2CTUIwFZ5hKrnvmIjxgUuen82G1 ZjfsHHSZOAWpkQLtYfXLHUU8DiBELpkxA8dW6CVMo+AS5hU3NqAYn7IJDFIasgCMl+SZ5/QkNgwjqkBTIWkuwu+NhAXGzAI/nQwY3pl FLxP/8wYxji+9RIQqRgh5dgiFhPyQ4VqkZQAdCQ2ILEsOVISUM80QQQvKOE/FOG2nkvbhLH6/TLrnDcduODfNWqtZNFMmR+SY1IlDLki LXJM26RBOFHkiz+TFerRerTfr/We0ZBU7h+QPrI9vNqOVvg==</latexit><latexit sha1_base64="v1/m5YR7E0A7yCEhLvkOCZCwOwQ="> AAAB/nicbVDLSsNAFJ3UV62vqks3g0WoICWRgi4LblxWsA9oQplMb+vQSTLM3IglFPwKt7pyJ279FRf+i0nMQlvP6nDOvdxzj6+kMGjb n1ZpZXVtfaO8Wdna3tndq+4fdE0Uaw4dHslI931mQIoQOihQQl9pYIEvoedPrzK/dw/aiCi8xZkCL2CTUIwFZ5hKrnvmIjxgUuen82G1 ZjfsHHSZOAWpkQLtYfXLHUU8DiBELpkxA8dW6CVMo+AS5hU3NqAYn7IJDFIasgCMl+SZ5/QkNgwjqkBTIWkuwu+NhAXGzAI/nQwY3pl FLxP/8wYxji+9RIQqRgh5dgiFhPyQ4VqkZQAdCQ2ILEsOVISUM80QQQvKOE/FOG2nkvbhLH6/TLrnDcduODfNWqtZNFMmR+SY1IlDLki LXJM26RBOFHkiz+TFerRerTfr/We0ZBU7h+QPrI9vNqOVvg==</latexit>
hF i (pN)
<latexit sha1 _base64="VXv1hR0ZsT6vyby03 Qonftr3p3c=">AAACFHicbVA9S wNBEN3zM8avqKXNYhAUJNyJoKU giJVEMImQC2FuHePi3t6xOyeGI 60/wV9hq5Wd2Npb+F/ciyk0+qr HezPMvBelSlry/Q9vYnJqema2N FeeX1hcWq6srDZtkhmBDZGoxFx EYFFJjQ2SpPAiNQhxpLAV3RwVf usWjZWJPqd+ip0YelpeSQHkpG6 FhzuhAt1TyI95aIbMSYR3lG+l p9uDbqXq1/wh+F8SjEiVjVDvVj 7Dy0RkMWoSCqxtB35KnRwMSaFw UA4ziymIG+hh21ENMdpOPkwy4J uZBUp4ioZLxYci/tzIIba2H0du Mga6tuNeIf7ntTO6OujkUqcZoR bFIZIuc3HICiNdRcgvpUEiKD5H LjUXYIAIjeQghBMz11nZ9RGMp/ 9Lmru1wK8FZ3vVw71RMyW2zjbY FgvYPjtkJ6zOGkywe/bIntiz9+ C9eK/e2/fohDfaWWO/4L1/ASuc ncQ=</latexit><latexit sha1 _base64="VXv1hR0ZsT6vyby03 Qonftr3p3c=">AAACFHicbVA9S wNBEN3zM8avqKXNYhAUJNyJoKU giJVEMImQC2FuHePi3t6xOyeGI 60/wV9hq5Wd2Npb+F/ciyk0+qr HezPMvBelSlry/Q9vYnJqema2N FeeX1hcWq6srDZtkhmBDZGoxFx EYFFJjQ2SpPAiNQhxpLAV3RwVf usWjZWJPqd+ip0YelpeSQHkpG6 FhzuhAt1TyI95aIbMSYR3lG+l p9uDbqXq1/wh+F8SjEiVjVDvVj 7Dy0RkMWoSCqxtB35KnRwMSaFw UA4ziymIG+hh21ENMdpOPkwy4J uZBUp4ioZLxYci/tzIIba2H0du Mga6tuNeIf7ntTO6OujkUqcZoR bFIZIuc3HICiNdRcgvpUEiKD5H LjUXYIAIjeQghBMz11nZ9RGMp/ 9Lmru1wK8FZ3vVw71RMyW2zjbY FgvYPjtkJ6zOGkywe/bIntiz9+ C9eK/e2/fohDfaWWO/4L1/ASuc ncQ=</latexit><latexit sha1 _base64="VXv1hR0ZsT6vyby03 Qonftr3p3c=">AAACFHicbVA9S wNBEN3zM8avqKXNYhAUJNyJoKU giJVEMImQC2FuHePi3t6xOyeGI 60/wV9hq5Wd2Npb+F/ciyk0+qr HezPMvBelSlry/Q9vYnJqema2N FeeX1hcWq6srDZtkhmBDZGoxFx EYFFJjQ2SpPAiNQhxpLAV3RwVf usWjZWJPqd+ip0YelpeSQHkpG6 FhzuhAt1TyI95aIbMSYR3lG+l p9uDbqXq1/wh+F8SjEiVjVDvVj 7Dy0RkMWoSCqxtB35KnRwMSaFw UA4ziymIG+hh21ENMdpOPkwy4J uZBUp4ioZLxYci/tzIIba2H0du Mga6tuNeIf7ntTO6OujkUqcZoR bFIZIuc3HICiNdRcgvpUEiKD5H LjUXYIAIjeQghBMz11nZ9RGMp/ 9Lmru1wK8FZ3vVw71RMyW2zjbY FgvYPjtkJ6zOGkywe/bIntiz9+ C9eK/e2/fohDfaWWO/4L1/ASuc ncQ=</latexit><latexit sha1 _base64="VXv1hR0ZsT6vyby03 Qonftr3p3c=">AAACFHicbVA9S wNBEN3zM8avqKXNYhAUJNyJoKU giJVEMImQC2FuHePi3t6xOyeGI 60/wV9hq5Wd2Npb+F/ciyk0+qr HezPMvBelSlry/Q9vYnJqema2N FeeX1hcWq6srDZtkhmBDZGoxFx EYFFJjQ2SpPAiNQhxpLAV3RwVf usWjZWJPqd+ip0YelpeSQHkpG6 FhzuhAt1TyI95aIbMSYR3lG+l p9uDbqXq1/wh+F8SjEiVjVDvVj 7Dy0RkMWoSCqxtB35KnRwMSaFw UA4ziymIG+hh21ENMdpOPkwy4J uZBUp4ioZLxYci/tzIIba2H0du Mga6tuNeIf7ntTO6OujkUqcZoR bFIZIuc3HICiNdRcgvpUEiKD5H LjUXYIAIjeQghBMz11nZ9RGMp/ 9Lmru1wK8FZ3vVw71RMyW2zjbY FgvYPjtkJ6zOGkywe/bIntiz9+ C9eK/e2/fohDfaWWO/4L1/ASuc ncQ=</latexit>
hF i (pN)
<latexit sha1 _base64="VXv1hR0ZsT6vyby03 Qonftr3p3c=">AAACFHicbVA9S wNBEN3zM8avqKXNYhAUJNyJoKU giJVEMImQC2FuHePi3t6xOyeGI 60/wV9hq5Wd2Npb+F/ciyk0+qr HezPMvBelSlry/Q9vYnJqema2N FeeX1hcWq6srDZtkhmBDZGoxFx EYFFJjQ2SpPAiNQhxpLAV3RwVf usWjZWJPqd+ip0YelpeSQHkpG6 FhzuhAt1TyI95aIbMSYR3lG+l p9uDbqXq1/wh+F8SjEiVjVDvVj 7Dy0RkMWoSCqxtB35KnRwMSaFw UA4ziymIG+hh21ENMdpOPkwy4J uZBUp4ioZLxYci/tzIIba2H0du Mga6tuNeIf7ntTO6OujkUqcZoR bFIZIuc3HICiNdRcgvpUEiKD5H LjUXYIAIjeQghBMz11nZ9RGMp/ 9Lmru1wK8FZ3vVw71RMyW2zjbY FgvYPjtkJ6zOGkywe/bIntiz9+ C9eK/e2/fohDfaWWO/4L1/ASuc ncQ=</latexit><latexit sha1 _base64="VXv1hR0ZsT6vyby03 Qonftr3p3c=">AAACFHicbVA9S wNBEN3zM8avqKXNYhAUJNyJoKU giJVEMImQC2FuHePi3t6xOyeGI 60/wV9hq5Wd2Npb+F/ciyk0+qr HezPMvBelSlry/Q9vYnJqema2N FeeX1hcWq6srDZtkhmBDZGoxFx EYFFJjQ2SpPAiNQhxpLAV3RwVf usWjZWJPqd+ip0YelpeSQHkpG6 FhzuhAt1TyI95aIbMSYR3lG+l p9uDbqXq1/wh+F8SjEiVjVDvVj 7Dy0RkMWoSCqxtB35KnRwMSaFw UA4ziymIG+hh21ENMdpOPkwy4J uZBUp4ioZLxYci/tzIIba2H0du Mga6tuNeIf7ntTO6OujkUqcZoR bFIZIuc3HICiNdRcgvpUEiKD5H LjUXYIAIjeQghBMz11nZ9RGMp/ 9Lmru1wK8FZ3vVw71RMyW2zjbY FgvYPjtkJ6zOGkywe/bIntiz9+ C9eK/e2/fohDfaWWO/4L1/ASuc ncQ=</latexit><latexit sha1 _base64="VXv1hR0ZsT6vyby03 Qonftr3p3c=">AAACFHicbVA9S wNBEN3zM8avqKXNYhAUJNyJoKU giJVEMImQC2FuHePi3t6xOyeGI 60/wV9hq5Wd2Npb+F/ciyk0+qr HezPMvBelSlry/Q9vYnJqema2N FeeX1hcWq6srDZtkhmBDZGoxFx EYFFJjQ2SpPAiNQhxpLAV3RwVf usWjZWJPqd+ip0YelpeSQHkpG6 FhzuhAt1TyI95aIbMSYR3lG+l p9uDbqXq1/wh+F8SjEiVjVDvVj 7Dy0RkMWoSCqxtB35KnRwMSaFw UA4ziymIG+hh21ENMdpOPkwy4J uZBUp4ioZLxYci/tzIIba2H0du Mga6tuNeIf7ntTO6OujkUqcZoR bFIZIuc3HICiNdRcgvpUEiKD5H LjUXYIAIjeQghBMz11nZ9RGMp/ 9Lmru1wK8FZ3vVw71RMyW2zjbY FgvYPjtkJ6zOGkywe/bIntiz9+ C9eK/e2/fohDfaWWO/4L1/ASuc ncQ=</latexit><latexit sha1 _base64="VXv1hR0ZsT6vyby03 Qonftr3p3c=">AAACFHicbVA9S wNBEN3zM8avqKXNYhAUJNyJoKU giJVEMImQC2FuHePi3t6xOyeGI 60/wV9hq5Wd2Npb+F/ciyk0+qr HezPMvBelSlry/Q9vYnJqema2N FeeX1hcWq6srDZtkhmBDZGoxFx EYFFJjQ2SpPAiNQhxpLAV3RwVf usWjZWJPqd+ip0YelpeSQHkpG6 FhzuhAt1TyI95aIbMSYR3lG+l p9uDbqXq1/wh+F8SjEiVjVDvVj 7Dy0RkMWoSCqxtB35KnRwMSaFw UA4ziymIG+hh21ENMdpOPkwy4J uZBUp4ioZLxYci/tzIIba2H0du Mga6tuNeIf7ntTO6OujkUqcZoR bFIZIuc3HICiNdRcgvpUEiKD5H LjUXYIAIjeQghBMz11nZ9RGMp/ 9Lmru1wK8FZ3vVw71RMyW2zjbY FgvYPjtkJ6zOGkywe/bIntiz9+ C9eK/e2/fohDfaWWO/4L1/ASuc ncQ=</latexit>
hF i (pN)
<latexit sha1 _base64="VXv1hR0ZsT6vyby03 Qonftr3p3c=">AAACFHicbVA9S wNBEN3zM8avqKXNYhAUJNyJoKU giJVEMImQC2FuHePi3t6xOyeGI 60/wV9hq5Wd2Npb+F/ciyk0+qr HezPMvBelSlry/Q9vYnJqema2N FeeX1hcWq6srDZtkhmBDZGoxFx EYFFJjQ2SpPAiNQhxpLAV3RwVf usWjZWJPqd+ip0YelpeSQHkpG6 FhzuhAt1TyI95aIbMSYR3lG+l p9uDbqXq1/wh+F8SjEiVjVDvVj 7Dy0RkMWoSCqxtB35KnRwMSaFw UA4ziymIG+hh21ENMdpOPkwy4J uZBUp4ioZLxYci/tzIIba2H0du Mga6tuNeIf7ntTO6OujkUqcZoR bFIZIuc3HICiNdRcgvpUEiKD5H LjUXYIAIjeQghBMz11nZ9RGMp/ 9Lmru1wK8FZ3vVw71RMyW2zjbY FgvYPjtkJ6zOGkywe/bIntiz9+ C9eK/e2/fohDfaWWO/4L1/ASuc ncQ=</latexit><latexit sha1 _base64="VXv1hR0ZsT6vyby03 Qonftr3p3c=">AAACFHicbVA9S wNBEN3zM8avqKXNYhAUJNyJoKU giJVEMImQC2FuHePi3t6xOyeGI 60/wV9hq5Wd2Npb+F/ciyk0+qr HezPMvBelSlry/Q9vYnJqema2N FeeX1hcWq6srDZtkhmBDZGoxFx EYFFJjQ2SpPAiNQhxpLAV3RwVf usWjZWJPqd+ip0YelpeSQHkpG6 FhzuhAt1TyI95aIbMSYR3lG+l p9uDbqXq1/wh+F8SjEiVjVDvVj 7Dy0RkMWoSCqxtB35KnRwMSaFw UA4ziymIG+hh21ENMdpOPkwy4J uZBUp4ioZLxYci/tzIIba2H0du Mga6tuNeIf7ntTO6OujkUqcZoR bFIZIuc3HICiNdRcgvpUEiKD5H LjUXYIAIjeQghBMz11nZ9RGMp/ 9Lmru1wK8FZ3vVw71RMyW2zjbY FgvYPjtkJ6zOGkywe/bIntiz9+ C9eK/e2/fohDfaWWO/4L1/ASuc ncQ=</latexit><latexit sha1 _base64="VXv1hR0ZsT6vyby03 Qonftr3p3c=">AAACFHicbVA9S wNBEN3zM8avqKXNYhAUJNyJoKU giJVEMImQC2FuHePi3t6xOyeGI 60/wV9hq5Wd2Npb+F/ciyk0+qr HezPMvBelSlry/Q9vYnJqema2N FeeX1hcWq6srDZtkhmBDZGoxFx EYFFJjQ2SpPAiNQhxpLAV3RwVf usWjZWJPqd+ip0YelpeSQHkpG6 FhzuhAt1TyI95aIbMSYR3lG+l p9uDbqXq1/wh+F8SjEiVjVDvVj 7Dy0RkMWoSCqxtB35KnRwMSaFw UA4ziymIG+hh21ENMdpOPkwy4J uZBUp4ioZLxYci/tzIIba2H0du Mga6tuNeIf7ntTO6OujkUqcZoR bFIZIuc3HICiNdRcgvpUEiKD5H LjUXYIAIjeQghBMz11nZ9RGMp/ 9Lmru1wK8FZ3vVw71RMyW2zjbY FgvYPjtkJ6zOGkywe/bIntiz9+ C9eK/e2/fohDfaWWO/4L1/ASuc ncQ=</latexit><latexit sha1 _base64="VXv1hR0ZsT6vyby03 Qonftr3p3c=">AAACFHicbVA9S wNBEN3zM8avqKXNYhAUJNyJoKU giJVEMImQC2FuHePi3t6xOyeGI 60/wV9hq5Wd2Npb+F/ciyk0+qr HezPMvBelSlry/Q9vYnJqema2N FeeX1hcWq6srDZtkhmBDZGoxFx EYFFJjQ2SpPAiNQhxpLAV3RwVf usWjZWJPqd+ip0YelpeSQHkpG6 FhzuhAt1TyI95aIbMSYR3lG+l p9uDbqXq1/wh+F8SjEiVjVDvVj 7Dy0RkMWoSCqxtB35KnRwMSaFw UA4ziymIG+hh21ENMdpOPkwy4J uZBUp4ioZLxYci/tzIIba2H0du Mga6tuNeIf7ntTO6OujkUqcZoR bFIZIuc3HICiNdRcgvpUEiKD5H LjUXYIAIjeQghBMz11nZ9RGMp/ 9Lmru1wK8FZ3vVw71RMyW2zjbY FgvYPjtkJ6zOGkywe/bIntiz9+ C9eK/e2/fohDfaWWO/4L1/ASuc ncQ=</latexit>
T = 150K
<latexit sha1_base64="7QdK B2qZHiVfMS6utSlmadKPHXI=">AAACA3icbVC7SgNBFJ2NrxgfWb W0GQyChYRdUbQRAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9U Ms/Bd31xSaeKrDOfdyzz1+LIVGx/m0CkvLK6trxfXSxubWdtne2W 3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF 7ARqEYCs4wlfp2uUEvqXvm9BAeMLmZ9u2KU3Vy0EXizkiFzFDv2 1+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4l B4azTCiMSgqJM1F+L2RsEDrSeCnkwHDOz3vZeJ/Xtfg8MJLRBgbh JBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/ vtF0jqpuk7VvT2t1I5nzRTJPjkgR8Ql56RGrkmdNAknhjyRZ/JiP Vqv1pv1/jNasGY7e+QPrI9v2A6Wew==</latexit><latexit sha1_base64="7QdK B2qZHiVfMS6utSlmadKPHXI=">AAACA3icbVC7SgNBFJ2NrxgfWb W0GQyChYRdUbQRAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9U Ms/Bd31xSaeKrDOfdyzz1+LIVGx/m0CkvLK6trxfXSxubWdtne2W 3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF 7ARqEYCs4wlfp2uUEvqXvm9BAeMLmZ9u2KU3Vy0EXizkiFzFDv2 1+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4l B4azTCiMSgqJM1F+L2RsEDrSeCnkwHDOz3vZeJ/Xtfg8MJLRBgbh JBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/ vtF0jqpuk7VvT2t1I5nzRTJPjkgR8Ql56RGrkmdNAknhjyRZ/JiP Vqv1pv1/jNasGY7e+QPrI9v2A6Wew==</latexit><latexit sha1_base64="7QdK B2qZHiVfMS6utSlmadKPHXI=">AAACA3icbVC7SgNBFJ2NrxgfWb W0GQyChYRdUbQRAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9U Ms/Bd31xSaeKrDOfdyzz1+LIVGx/m0CkvLK6trxfXSxubWdtne2W 3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF 7ARqEYCs4wlfp2uUEvqXvm9BAeMLmZ9u2KU3Vy0EXizkiFzFDv2 1+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4l B4azTCiMSgqJM1F+L2RsEDrSeCnkwHDOz3vZeJ/Xtfg8MJLRBgbh JBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/ vtF0jqpuk7VvT2t1I5nzRTJPjkgR8Ql56RGrkmdNAknhjyRZ/JiP Vqv1pv1/jNasGY7e+QPrI9v2A6Wew==</latexit><latexit sha1_base64="7QdK B2qZHiVfMS6utSlmadKPHXI=">AAACA3icbVC7SgNBFJ2NrxgfWb W0GQyChYRdUbQRAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9U Ms/Bd31xSaeKrDOfdyzz1+LIVGx/m0CkvLK6trxfXSxubWdtne2W 3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF 7ARqEYCs4wlfp2uUEvqXvm9BAeMLmZ9u2KU3Vy0EXizkiFzFDv2 1+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4l B4azTCiMSgqJM1F+L2RsEDrSeCnkwHDOz3vZeJ/Xtfg8MJLRBgbh JBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/ vtF0jqpuk7VvT2t1I5nzRTJPjkgR8Ql56RGrkmdNAknhjyRZ/JiP Vqv1pv1/jNasGY7e+QPrI9v2A6Wew==</latexit>
T = 300K
<latexit sha1_base64="FrHi eHp85nOpL2Cp+ZP8LkzTsG4=">AAACA3icbVC7SgNBFJ2NrxgfWb W0GQyChYRdFbQRAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9U Ms/Bd31xSaeKrDOfdyzz1+LIVGx/m0CkvLK6trxfXSxubWdtne2W 3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF 7ARqEYCs4wlfp2uUEv6anj9BAeMLmZ9u2KU3Vy0EXizkiFzFDv2 1+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4l B4azTCiMSgqJM1F+L2RsEDrSeCnkwHDOz3vZeJ/Xtfg8MJLRBgbh JBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/ vtF0jqpuk7VvT2r1I5nzRTJPjkgR8Ql56RGrkmdNAknhjyRZ/JiP Vqv1pv1/jNasGY7e+QPrI9v00iWeA==</latexit><latexit sha1_base64="FrHi eHp85nOpL2Cp+ZP8LkzTsG4=">AAACA3icbVC7SgNBFJ2NrxgfWb W0GQyChYRdFbQRAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9U Ms/Bd31xSaeKrDOfdyzz1+LIVGx/m0CkvLK6trxfXSxubWdtne2W 3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF 7ARqEYCs4wlfp2uUEv6anj9BAeMLmZ9u2KU3Vy0EXizkiFzFDv2 1+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4l B4azTCiMSgqJM1F+L2RsEDrSeCnkwHDOz3vZeJ/Xtfg8MJLRBgbh JBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/ vtF0jqpuk7VvT2r1I5nzRTJPjkgR8Ql56RGrkmdNAknhjyRZ/JiP Vqv1pv1/jNasGY7e+QPrI9v00iWeA==</latexit><latexit sha1_base64="FrHi eHp85nOpL2Cp+ZP8LkzTsG4=">AAACA3icbVC7SgNBFJ2NrxgfWb W0GQyChYRdFbQRAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9U Ms/Bd31xSaeKrDOfdyzz1+LIVGx/m0CkvLK6trxfXSxubWdtne2W 3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF 7ARqEYCs4wlfp2uUEv6anj9BAeMLmZ9u2KU3Vy0EXizkiFzFDv2 1+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4l B4azTCiMSgqJM1F+L2RsEDrSeCnkwHDOz3vZeJ/Xtfg8MJLRBgbh JBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/ vtF0jqpuk7VvT2r1I5nzRTJPjkgR8Ql56RGrkmdNAknhjyRZ/JiP Vqv1pv1/jNasGY7e+QPrI9v00iWeA==</latexit><latexit sha1_base64="FrHi eHp85nOpL2Cp+ZP8LkzTsG4=">AAACA3icbVC7SgNBFJ2NrxgfWb W0GQyChYRdFbQRAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9U Ms/Bd31xSaeKrDOfdyzz1+LIVGx/m0CkvLK6trxfXSxubWdtne2W 3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF 7ARqEYCs4wlfp2uUEv6anj9BAeMLmZ9u2KU3Vy0EXizkiFzFDv2 1+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4l B4azTCiMSgqJM1F+L2RsEDrSeCnkwHDOz3vZeJ/Xtfg8MJLRBgbh JBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/ vtF0jqpuk7VvT2r1I5nzRTJPjkgR8Ql56RGrkmdNAknhjyRZ/JiP Vqv1pv1/jNasGY7e+QPrI9v00iWeA==</latexit>
T = 600K
<latexit sha1_base64="v7rB ztaIvlTsuc1gkEGulZAhK98=">AAACA3icbVC7SgNBFJ2NrxgfWb W0GQyChYRdEbURAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9U Ms/Bd31xSaeKrDOfdyzz1+LIVGx/m0CkvLK6trxfXSxubWdtne2W 3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF 7ARqEYCs4wlfp2uUEv6Znj9BAeMLmZ9u2KU3Vy0EXizkiFzFDv2 1+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4l B4azTCiMSgqJM1F+L2RsEDrSeCnkwHDOz3vZeJ/Xtfg8MJLRBgbh JBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/ vtF0jqpuk7VvT2t1I5nzRTJPjkgR8Ql56RGrkmdNAknhjyRZ/JiP Vqv1pv1/jNasGY7e+QPrI9v2BOWew==</latexit><latexit sha1_base64="v7rB ztaIvlTsuc1gkEGulZAhK98=">AAACA3icbVC7SgNBFJ2NrxgfWb W0GQyChYRdEbURAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9U Ms/Bd31xSaeKrDOfdyzz1+LIVGx/m0CkvLK6trxfXSxubWdtne2W 3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF 7ARqEYCs4wlfp2uUEv6Znj9BAeMLmZ9u2KU3Vy0EXizkiFzFDv2 1+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4l B4azTCiMSgqJM1F+L2RsEDrSeCnkwHDOz3vZeJ/Xtfg8MJLRBgbh JBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/ vtF0jqpuk7VvT2t1I5nzRTJPjkgR8Ql56RGrkmdNAknhjyRZ/JiP Vqv1pv1/jNasGY7e+QPrI9v2BOWew==</latexit><latexit sha1_base64="v7rB ztaIvlTsuc1gkEGulZAhK98=">AAACA3icbVC7SgNBFJ2NrxgfWb W0GQyChYRdEbURAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9U Ms/Bd31xSaeKrDOfdyzz1+LIVGx/m0CkvLK6trxfXSxubWdtne2W 3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF 7ARqEYCs4wlfp2uUEv6Znj9BAeMLmZ9u2KU3Vy0EXizkiFzFDv2 1+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4l B4azTCiMSgqJM1F+L2RsEDrSeCnkwHDOz3vZeJ/Xtfg8MJLRBgbh JBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/ vtF0jqpuk7VvT2t1I5nzRTJPjkgR8Ql56RGrkmdNAknhjyRZ/JiP Vqv1pv1/jNasGY7e+QPrI9v2BOWew==</latexit><latexit sha1_base64="v7rB ztaIvlTsuc1gkEGulZAhK98=">AAACA3icbVC7SgNBFJ2NrxgfWb W0GQyChYRdEbURAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9U Ms/Bd31xSaeKrDOfdyzz1+LIVGx/m0CkvLK6trxfXSxubWdtne2W 3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF 7ARqEYCs4wlfp2uUEv6Znj9BAeMLmZ9u2KU3Vy0EXizkiFzFDv2 1+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4l B4azTCiMSgqJM1F+L2RsEDrSeCnkwHDOz3vZeJ/Xtfg8MJLRBgbh JBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/ vtF0jqpuk7VvT2t1I5nzRTJPjkgR8Ql56RGrkmdNAknhjyRZ/JiP Vqv1pv1/jNasGY7e+QPrI9v2BOWew==</latexit>
T = 900K
<latexit sha1_base64="g9W8 rzoFgz+x+lf7HJlJ1fkX5Bs=">AAACA3icbVC7SgNBFJ2NrxgfWb W0GQyChYRdEdRCCNgINhHygmQJs5ObOGT2wcwdMSwp/QpbrezE1g +x8F/cXVNo4qkO59zLPff4sRQaHefTKiwtr6yuFddLG5tb22V7Z7 elI6M4NHkkI9XxmQYpQmiiQAmdWAELfAltf3yV+e17UFpEYQMnMX gBG4ViKDjDVOrb5Qa9pBeO00N4wORm2rcrTtXJQReJOyMVMkO9b 3/1BhE3AYTIJdO66zoxeglTKLiEaalnNMSMj9kIuikNWQDaS/LgU 3poNMOIxqCokDQX4fdGwgKtJ4GfTgYM7/S8l4n/eV2Dw3MvEWFsE EKeHUIhIT+kuRJpI0AHQgEiy5IDFSHlTDFEUIIyzlPRpBWV0j7c+ e8XSeuk6jpV9/a0UjueNVMk++SAHBGXnJEauSZ10iScGPJEnsmL9 Wi9Wm/W+89owZrt7JE/sD6+Adzeln4=</latexit><latexit sha1_base64="g9W8 rzoFgz+x+lf7HJlJ1fkX5Bs=">AAACA3icbVC7SgNBFJ2NrxgfWb W0GQyChYRdEdRCCNgINhHygmQJs5ObOGT2wcwdMSwp/QpbrezE1g +x8F/cXVNo4qkO59zLPff4sRQaHefTKiwtr6yuFddLG5tb22V7Z7 elI6M4NHkkI9XxmQYpQmiiQAmdWAELfAltf3yV+e17UFpEYQMnMX gBG4ViKDjDVOrb5Qa9pBeO00N4wORm2rcrTtXJQReJOyMVMkO9b 3/1BhE3AYTIJdO66zoxeglTKLiEaalnNMSMj9kIuikNWQDaS/LgU 3poNMOIxqCokDQX4fdGwgKtJ4GfTgYM7/S8l4n/eV2Dw3MvEWFsE EKeHUIhIT+kuRJpI0AHQgEiy5IDFSHlTDFEUIIyzlPRpBWV0j7c+ e8XSeuk6jpV9/a0UjueNVMk++SAHBGXnJEauSZ10iScGPJEnsmL9 Wi9Wm/W+89owZrt7JE/sD6+Adzeln4=</latexit><latexit sha1_base64="g9W8 rzoFgz+x+lf7HJlJ1fkX5Bs=">AAACA3icbVC7SgNBFJ2NrxgfWb W0GQyChYRdEdRCCNgINhHygmQJs5ObOGT2wcwdMSwp/QpbrezE1g +x8F/cXVNo4qkO59zLPff4sRQaHefTKiwtr6yuFddLG5tb22V7Z7 elI6M4NHkkI9XxmQYpQmiiQAmdWAELfAltf3yV+e17UFpEYQMnMX gBG4ViKDjDVOrb5Qa9pBeO00N4wORm2rcrTtXJQReJOyMVMkO9b 3/1BhE3AYTIJdO66zoxeglTKLiEaalnNMSMj9kIuikNWQDaS/LgU 3poNMOIxqCokDQX4fdGwgKtJ4GfTgYM7/S8l4n/eV2Dw3MvEWFsE EKeHUIhIT+kuRJpI0AHQgEiy5IDFSHlTDFEUIIyzlPRpBWV0j7c+ e8XSeuk6jpV9/a0UjueNVMk++SAHBGXnJEauSZ10iScGPJEnsmL9 Wi9Wm/W+89owZrt7JE/sD6+Adzeln4=</latexit><latexit sha1_base64="g9W8 rzoFgz+x+lf7HJlJ1fkX5Bs=">AAACA3icbVC7SgNBFJ2NrxgfWb W0GQyChYRdEdRCCNgINhHygmQJs5ObOGT2wcwdMSwp/QpbrezE1g +x8F/cXVNo4qkO59zLPff4sRQaHefTKiwtr6yuFddLG5tb22V7Z7 elI6M4NHkkI9XxmQYpQmiiQAmdWAELfAltf3yV+e17UFpEYQMnMX gBG4ViKDjDVOrb5Qa9pBeO00N4wORm2rcrTtXJQReJOyMVMkO9b 3/1BhE3AYTIJdO66zoxeglTKLiEaalnNMSMj9kIuikNWQDaS/LgU 3poNMOIxqCokDQX4fdGwgKtJ4GfTgYM7/S8l4n/eV2Dw3MvEWFsE EKeHUIhIT+kuRJpI0AHQgEiy5IDFSHlTDFEUIIyzlPRpBWV0j7c+ e8XSeuk6jpV9/a0UjueNVMk++SAHBGXnJEauSZ10iScGPJEnsmL9 Wi9Wm/W+89owZrt7JE/sD6+Adzeln4=</latexit>
  = 0.2
<latexit sha1_base64="tlTw 3fMmjH1hFwmNxvrwr01UY68=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNgIeEuCNoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4 qF/8W78wpNfNXjvRnmzfMjJS257qdTWFldW98obpa2tnd298r7By 0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2N cwDuRICqBE6vXGoDXwK+5Wa4Nyxa26Gfgy8XJSYTkag/JXbxiKW GNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFP ELDpeKZiL83ZqCtnWo/mdRA93bRS8X/vG5Mo8v+TAZRTBiI9BBJh dkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSatW9 dyqd3teqZ/lzRTZETtmp8xjF6zObliDNZlgEXtiz+zFeXRenTfn/ We04OQ7h+wPnI9vx9KUzQ==</latexit><latexit sha1_base64="tlTw 3fMmjH1hFwmNxvrwr01UY68=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNgIeEuCNoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4 qF/8W78wpNfNXjvRnmzfMjJS257qdTWFldW98obpa2tnd298r7By 0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2N cwDuRICqBE6vXGoDXwK+5Wa4Nyxa26Gfgy8XJSYTkag/JXbxiKW GNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFP ELDpeKZiL83ZqCtnWo/mdRA93bRS8X/vG5Mo8v+TAZRTBiI9BBJh dkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSatW9 dyqd3teqZ/lzRTZETtmp8xjF6zObliDNZlgEXtiz+zFeXRenTfn/ We04OQ7h+wPnI9vx9KUzQ==</latexit><latexit sha1_base64="tlTw 3fMmjH1hFwmNxvrwr01UY68=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNgIeEuCNoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4 qF/8W78wpNfNXjvRnmzfMjJS257qdTWFldW98obpa2tnd298r7By 0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2N cwDuRICqBE6vXGoDXwK+5Wa4Nyxa26Gfgy8XJSYTkag/JXbxiKW GNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFP ELDpeKZiL83ZqCtnWo/mdRA93bRS8X/vG5Mo8v+TAZRTBiI9BBJh dkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSatW9 dyqd3teqZ/lzRTZETtmp8xjF6zObliDNZlgEXtiz+zFeXRenTfn/ We04OQ7h+wPnI9vx9KUzQ==</latexit><latexit sha1_base64="tlTw 3fMmjH1hFwmNxvrwr01UY68=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNgIeEuCNoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4 qF/8W78wpNfNXjvRnmzfMjJS257qdTWFldW98obpa2tnd298r7By 0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2N cwDuRICqBE6vXGoDXwK+5Wa4Nyxa26Gfgy8XJSYTkag/JXbxiKW GNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFP ELDpeKZiL83ZqCtnWo/mdRA93bRS8X/vG5Mo8v+TAZRTBiI9BBJh dkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSatW9 dyqd3teqZ/lzRTZETtmp8xjF6zObliDNZlgEXtiz+zFeXRenTfn/ We04OQ7h+wPnI9vx9KUzQ==</latexit>
  = 0.4
<latexit sha1_base64="7hA9 Vq/YpS1pXHISRZ20b8TuJj4=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNgIeFOAtoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4 qF/8W78wpNfNXjvRnmzfMjJS257qdTWFldW98obpa2tnd298r7By 0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2N cwDuRICqBE6vXGoDXwK+5Wa4Nyxa26Gfgy8XJSYTkag/JXbxiKW GNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFP ELDpeKZiL83ZqCtnWo/mdRA93bRS8X/vG5Mo8v+TAZRTBiI9BBJh dkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSeu86 rlV77ZWqZ/lzRTZETtmp8xjF6zObliDNZlgEXtiz+zFeXRenTfn/ We04OQ7h+wPnI9vyvCUzw==</latexit><latexit sha1_base64="7hA9 Vq/YpS1pXHISRZ20b8TuJj4=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNgIeFOAtoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4 qF/8W78wpNfNXjvRnmzfMjJS257qdTWFldW98obpa2tnd298r7By 0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2N cwDuRICqBE6vXGoDXwK+5Wa4Nyxa26Gfgy8XJSYTkag/JXbxiKW GNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFP ELDpeKZiL83ZqCtnWo/mdRA93bRS8X/vG5Mo8v+TAZRTBiI9BBJh dkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSeu86 rlV77ZWqZ/lzRTZETtmp8xjF6zObliDNZlgEXtiz+zFeXRenTfn/ We04OQ7h+wPnI9vyvCUzw==</latexit><latexit sha1_base64="7hA9 Vq/YpS1pXHISRZ20b8TuJj4=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNgIeFOAtoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4 qF/8W78wpNfNXjvRnmzfMjJS257qdTWFldW98obpa2tnd298r7By 0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2N cwDuRICqBE6vXGoDXwK+5Wa4Nyxa26Gfgy8XJSYTkag/JXbxiKW GNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFP ELDpeKZiL83ZqCtnWo/mdRA93bRS8X/vG5Mo8v+TAZRTBiI9BBJh dkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSeu86 rlV77ZWqZ/lzRTZETtmp8xjF6zObliDNZlgEXtiz+zFeXRenTfn/ We04OQ7h+wPnI9vyvCUzw==</latexit><latexit sha1_base64="7hA9 Vq/YpS1pXHISRZ20b8TuJj4=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNgIeFOAtoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4 qF/8W78wpNfNXjvRnmzfMjJS257qdTWFldW98obpa2tnd298r7By 0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2N cwDuRICqBE6vXGoDXwK+5Wa4Nyxa26Gfgy8XJSYTkag/JXbxiKW GNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFP ELDpeKZiL83ZqCtnWo/mdRA93bRS8X/vG5Mo8v+TAZRTBiI9BBJh dkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSeu86 rlV77ZWqZ/lzRTZETtmp8xjF6zObliDNZlgEXtiz+zFeXRenTfn/ We04OQ7h+wPnI9vyvCUzw==</latexit>
  = 0.6
<latexit sha1_base64="MT1D FoSXajEpyIRtinzZvPUEtx4=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNgIeFORG2EgI1lBPMBuSPMbSZxye7dsTsnhBDwV9hqZSe2/h UL/4t3MYUmvurx3gzz5oWJkpZc99MpLC2vrK4V10sbm1vbO+Xdva aNUyOwIWIVm3YIFpWMsEGSFLYTg6BDha1weJ37rQc0VsbRHY0SDD QMItmXAiiTfH8AWgO/4m71vFuuuFV3Cr5IvBmpsBnq3fKX34tFq jEiocDajucmFIzBkBQKJyU/tZiAGMIAOxmNQKMNxtPME36UWqCYJ 2i4VHwq4u+NMWhrRzrMJjXQvZ33cvE/r5NS/zIYyyhJCSORHyKpc HrICiOzMpD3pEEiyJMjlxEXYIAIjeQgRCamWTulrA9v/vtF0jyte m7Vuz2r1E5mzRTZATtkx8xjF6zGblidNZhgCXtiz+zFeXRenTfn/ We04Mx29tkfOB/fzg6U0Q==</latexit><latexit sha1_base64="MT1D FoSXajEpyIRtinzZvPUEtx4=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNgIeFORG2EgI1lBPMBuSPMbSZxye7dsTsnhBDwV9hqZSe2/h UL/4t3MYUmvurx3gzz5oWJkpZc99MpLC2vrK4V10sbm1vbO+Xdva aNUyOwIWIVm3YIFpWMsEGSFLYTg6BDha1weJ37rQc0VsbRHY0SDD QMItmXAiiTfH8AWgO/4m71vFuuuFV3Cr5IvBmpsBnq3fKX34tFq jEiocDajucmFIzBkBQKJyU/tZiAGMIAOxmNQKMNxtPME36UWqCYJ 2i4VHwq4u+NMWhrRzrMJjXQvZ33cvE/r5NS/zIYyyhJCSORHyKpc HrICiOzMpD3pEEiyJMjlxEXYIAIjeQgRCamWTulrA9v/vtF0jyte m7Vuz2r1E5mzRTZATtkx8xjF6zGblidNZhgCXtiz+zFeXRenTfn/ We04Mx29tkfOB/fzg6U0Q==</latexit><latexit sha1_base64="MT1D FoSXajEpyIRtinzZvPUEtx4=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNgIeFORG2EgI1lBPMBuSPMbSZxye7dsTsnhBDwV9hqZSe2/h UL/4t3MYUmvurx3gzz5oWJkpZc99MpLC2vrK4V10sbm1vbO+Xdva aNUyOwIWIVm3YIFpWMsEGSFLYTg6BDha1weJ37rQc0VsbRHY0SDD QMItmXAiiTfH8AWgO/4m71vFuuuFV3Cr5IvBmpsBnq3fKX34tFq jEiocDajucmFIzBkBQKJyU/tZiAGMIAOxmNQKMNxtPME36UWqCYJ 2i4VHwq4u+NMWhrRzrMJjXQvZ33cvE/r5NS/zIYyyhJCSORHyKpc HrICiOzMpD3pEEiyJMjlxEXYIAIjeQgRCamWTulrA9v/vtF0jyte m7Vuz2r1E5mzRTZATtkx8xjF6zGblidNZhgCXtiz+zFeXRenTfn/ We04Mx29tkfOB/fzg6U0Q==</latexit><latexit sha1_base64="MT1D FoSXajEpyIRtinzZvPUEtx4=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNgIeFORG2EgI1lBPMBuSPMbSZxye7dsTsnhBDwV9hqZSe2/h UL/4t3MYUmvurx3gzz5oWJkpZc99MpLC2vrK4V10sbm1vbO+Xdva aNUyOwIWIVm3YIFpWMsEGSFLYTg6BDha1weJ37rQc0VsbRHY0SDD QMItmXAiiTfH8AWgO/4m71vFuuuFV3Cr5IvBmpsBnq3fKX34tFq jEiocDajucmFIzBkBQKJyU/tZiAGMIAOxmNQKMNxtPME36UWqCYJ 2i4VHwq4u+NMWhrRzrMJjXQvZ33cvE/r5NS/zIYyyhJCSORHyKpc HrICiOzMpD3pEEiyJMjlxEXYIAIjeQgRCamWTulrA9v/vtF0jyte m7Vuz2r1E5mzRTZATtkx8xjF6zGblidNZhgCXtiz+zFeXRenTfn/ We04Mx29tkfOB/fzg6U0Q==</latexit>
  = 0.8
<latexit sha1_base64="LjWg R1HJiHaR4ID87nnb5GxI20M=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNgIeFOBNMIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4 qF/8W78wpNfNXjvRnmzfMjJS257qdTWFldW98obpa2tnd298r7By 0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2N cwDuRICqBE6vXGoDXwK+5Wa4Nyxa26Gfgy8XJSYTkag/JXbxiKW GNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFP ELDpeKZiL83ZqCtnWo/mdRA93bRS8X/vG5Mo1p/JoMoJgxEeoikw uyQFUYmZSAfSoNEkCZHLgMuwAARGslBiESMk3ZKSR/e4vfLpHVe9 dyqd3tRqZ/lzRTZETtmp8xjl6zObliDNZlgEXtiz+zFeXRenTfn/ We04OQ7h+wPnI9v0SyU0w==</latexit><latexit sha1_base64="LjWg R1HJiHaR4ID87nnb5GxI20M=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNgIeFOBNMIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4 qF/8W78wpNfNXjvRnmzfMjJS257qdTWFldW98obpa2tnd298r7By 0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2N cwDuRICqBE6vXGoDXwK+5Wa4Nyxa26Gfgy8XJSYTkag/JXbxiKW GNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFP ELDpeKZiL83ZqCtnWo/mdRA93bRS8X/vG5Mo1p/JoMoJgxEeoikw uyQFUYmZSAfSoNEkCZHLgMuwAARGslBiESMk3ZKSR/e4vfLpHVe9 dyqd3tRqZ/lzRTZETtmp8xjl6zObliDNZlgEXtiz+zFeXRenTfn/ We04OQ7h+wPnI9v0SyU0w==</latexit><latexit sha1_base64="LjWg R1HJiHaR4ID87nnb5GxI20M=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNgIeFOBNMIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4 qF/8W78wpNfNXjvRnmzfMjJS257qdTWFldW98obpa2tnd298r7By 0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2N cwDuRICqBE6vXGoDXwK+5Wa4Nyxa26Gfgy8XJSYTkag/JXbxiKW GNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFP ELDpeKZiL83ZqCtnWo/mdRA93bRS8X/vG5Mo1p/JoMoJgxEeoikw uyQFUYmZSAfSoNEkCZHLgMuwAARGslBiESMk3ZKSR/e4vfLpHVe9 dyqd3tRqZ/lzRTZETtmp8xjl6zObliDNZlgEXtiz+zFeXRenTfn/ We04OQ7h+wPnI9v0SyU0w==</latexit><latexit sha1_base64="LjWg R1HJiHaR4ID87nnb5GxI20M=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNgIeFOBNMIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4 qF/8W78wpNfNXjvRnmzfMjJS257qdTWFldW98obpa2tnd298r7By 0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2N cwDuRICqBE6vXGoDXwK+5Wa4Nyxa26Gfgy8XJSYTkag/JXbxiKW GNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFP ELDpeKZiL83ZqCtnWo/mdRA93bRS8X/vG5Mo1p/JoMoJgxEeoikw uyQFUYmZSAfSoNEkCZHLgMuwAARGslBiESMk3ZKSR/e4vfLpHVe9 dyqd3tRqZ/lzRTZETtmp8xjl6zObliDNZlgEXtiz+zFeXRenTfn/ We04OQ7h+wPnI9v0SyU0w==</latexit>
n = 5
<latexit sha1_base64="d6dq 5xerGYqCKeicoR29GbTDM7I=">AAAB93icbVA9SwNBEJ3zM8avqK XNYhAsJNyJoo0QsLGM4CWB5Ah7m0lcsrd37M4JIeQ32GplJ7b+HA v/i5fzCk181eO9GebNCxMlLbnup7O0vLK6tl7aKG9ube/sVvb2mz ZOjUBfxCo27ZBbVFKjT5IUthODPAoVtsLRzcxvPaKxMtb3NE4wiP hQy4EUnDLJ1+yaXfQqVbfm5mCLxCtIFQo0epWvbj8WaYSahOLWd jw3oWDCDUmhcFruphYTLkZ8iJ2Mah6hDSZ52Ck7Ti2nmCVomFQsF /H3xoRH1o6jMJuMOD3YeW8m/ud1UhpcBROpk5RQi9khkgrzQ1YYm bWArC8NEvFZcmRSM8ENJ0IjGRciE9OslnLWhzf//SJpntU8t+bdn Vfrp0UzJTiEIzgBDy6hDrfQAB8ESHiCZ3hxxs6r8+a8/4wuOcXOA fyB8/ENHFuSOw==</latexit><latexit sha1_base64="d6dq 5xerGYqCKeicoR29GbTDM7I=">AAAB93icbVA9SwNBEJ3zM8avqK XNYhAsJNyJoo0QsLGM4CWB5Ah7m0lcsrd37M4JIeQ32GplJ7b+HA v/i5fzCk181eO9GebNCxMlLbnup7O0vLK6tl7aKG9ube/sVvb2mz ZOjUBfxCo27ZBbVFKjT5IUthODPAoVtsLRzcxvPaKxMtb3NE4wiP hQy4EUnDLJ1+yaXfQqVbfm5mCLxCtIFQo0epWvbj8WaYSahOLWd jw3oWDCDUmhcFruphYTLkZ8iJ2Mah6hDSZ52Ck7Ti2nmCVomFQsF /H3xoRH1o6jMJuMOD3YeW8m/ud1UhpcBROpk5RQi9khkgrzQ1YYm bWArC8NEvFZcmRSM8ENJ0IjGRciE9OslnLWhzf//SJpntU8t+bdn Vfrp0UzJTiEIzgBDy6hDrfQAB8ESHiCZ3hxxs6r8+a8/4wuOcXOA fyB8/ENHFuSOw==</latexit><latexit sha1_base64="d6dq 5xerGYqCKeicoR29GbTDM7I=">AAAB93icbVA9SwNBEJ3zM8avqK XNYhAsJNyJoo0QsLGM4CWB5Ah7m0lcsrd37M4JIeQ32GplJ7b+HA v/i5fzCk181eO9GebNCxMlLbnup7O0vLK6tl7aKG9ube/sVvb2mz ZOjUBfxCo27ZBbVFKjT5IUthODPAoVtsLRzcxvPaKxMtb3NE4wiP hQy4EUnDLJ1+yaXfQqVbfm5mCLxCtIFQo0epWvbj8WaYSahOLWd jw3oWDCDUmhcFruphYTLkZ8iJ2Mah6hDSZ52Ck7Ti2nmCVomFQsF /H3xoRH1o6jMJuMOD3YeW8m/ud1UhpcBROpk5RQi9khkgrzQ1YYm bWArC8NEvFZcmRSM8ENJ0IjGRciE9OslnLWhzf//SJpntU8t+bdn Vfrp0UzJTiEIzgBDy6hDrfQAB8ESHiCZ3hxxs6r8+a8/4wuOcXOA fyB8/ENHFuSOw==</latexit><latexit sha1_base64="d6dq 5xerGYqCKeicoR29GbTDM7I=">AAAB93icbVA9SwNBEJ3zM8avqK XNYhAsJNyJoo0QsLGM4CWB5Ah7m0lcsrd37M4JIeQ32GplJ7b+HA v/i5fzCk181eO9GebNCxMlLbnup7O0vLK6tl7aKG9ube/sVvb2mz ZOjUBfxCo27ZBbVFKjT5IUthODPAoVtsLRzcxvPaKxMtb3NE4wiP hQy4EUnDLJ1+yaXfQqVbfm5mCLxCtIFQo0epWvbj8WaYSahOLWd jw3oWDCDUmhcFruphYTLkZ8iJ2Mah6hDSZ52Ck7Ti2nmCVomFQsF /H3xoRH1o6jMJuMOD3YeW8m/ud1UhpcBROpk5RQi9khkgrzQ1YYm bWArC8NEvFZcmRSM8ENJ0IjGRciE9OslnLWhzf//SJpntU8t+bdn Vfrp0UzJTiEIzgBDy6hDrfQAB8ESHiCZ3hxxs6r8+a8/4wuOcXOA fyB8/ENHFuSOw==</latexit>
n = 10
<latexit sha1_base64="GZ+3 vna6SfwNcVLvIWj7ub49r00=">AAAB+HicbVA9SwNBEN2LXzF+RS 1tFoNgIeFOBG2EgI1lBPMByRHmNpO4Zm/v2J0TYsh/sNXKTmz9Nx b+F+/OFJr4qsd7M8ybF8RKWnLdT6ewtLyyulZcL21sbm3vlHf3mj ZKjMCGiFRk2gFYVFJjgyQpbMcGIQwUtoLRVea3HtBYGelbGsfohz DUciAFUCo1Nb/kntsrV9yqm4MvEm9GKmyGeq/81e1HIglRk1Bgb cdzY/InYEgKhdNSN7EYgxjBEDsp1RCi9Sd52ik/SixQxGM0XCqei /h7YwKhteMwSCdDoDs772Xif14nocGFP5E6Tgi1yA6RVJgfssLIt AbkfWmQCLLkyKXmAgwQoZEchEjFJO2llPbhzX+/SJqnVc+tejdnl drJrJkiO2CH7Jh57JzV2DWrswYT7J49sWf24jw6r86b8/4zWnBmO /vsD5yPb4cCknE=</latexit><latexit sha1_base64="GZ+3 vna6SfwNcVLvIWj7ub49r00=">AAAB+HicbVA9SwNBEN2LXzF+RS 1tFoNgIeFOBG2EgI1lBPMByRHmNpO4Zm/v2J0TYsh/sNXKTmz9Nx b+F+/OFJr4qsd7M8ybF8RKWnLdT6ewtLyyulZcL21sbm3vlHf3mj ZKjMCGiFRk2gFYVFJjgyQpbMcGIQwUtoLRVea3HtBYGelbGsfohz DUciAFUCo1Nb/kntsrV9yqm4MvEm9GKmyGeq/81e1HIglRk1Bgb cdzY/InYEgKhdNSN7EYgxjBEDsp1RCi9Sd52ik/SixQxGM0XCqei /h7YwKhteMwSCdDoDs772Xif14nocGFP5E6Tgi1yA6RVJgfssLIt AbkfWmQCLLkyKXmAgwQoZEchEjFJO2llPbhzX+/SJqnVc+tejdnl drJrJkiO2CH7Jh57JzV2DWrswYT7J49sWf24jw6r86b8/4zWnBmO /vsD5yPb4cCknE=</latexit><latexit sha1_base64="GZ+3 vna6SfwNcVLvIWj7ub49r00=">AAAB+HicbVA9SwNBEN2LXzF+RS 1tFoNgIeFOBG2EgI1lBPMByRHmNpO4Zm/v2J0TYsh/sNXKTmz9Nx b+F+/OFJr4qsd7M8ybF8RKWnLdT6ewtLyyulZcL21sbm3vlHf3mj ZKjMCGiFRk2gFYVFJjgyQpbMcGIQwUtoLRVea3HtBYGelbGsfohz DUciAFUCo1Nb/kntsrV9yqm4MvEm9GKmyGeq/81e1HIglRk1Bgb cdzY/InYEgKhdNSN7EYgxjBEDsp1RCi9Sd52ik/SixQxGM0XCqei /h7YwKhteMwSCdDoDs772Xif14nocGFP5E6Tgi1yA6RVJgfssLIt AbkfWmQCLLkyKXmAgwQoZEchEjFJO2llPbhzX+/SJqnVc+tejdnl drJrJkiO2CH7Jh57JzV2DWrswYT7J49sWf24jw6r86b8/4zWnBmO /vsD5yPb4cCknE=</latexit><latexit sha1_base64="GZ+3 vna6SfwNcVLvIWj7ub49r00=">AAAB+HicbVA9SwNBEN2LXzF+RS 1tFoNgIeFOBG2EgI1lBPMByRHmNpO4Zm/v2J0TYsh/sNXKTmz9Nx b+F+/OFJr4qsd7M8ybF8RKWnLdT6ewtLyyulZcL21sbm3vlHf3mj ZKjMCGiFRk2gFYVFJjgyQpbMcGIQwUtoLRVea3HtBYGelbGsfohz DUciAFUCo1Nb/kntsrV9yqm4MvEm9GKmyGeq/81e1HIglRk1Bgb cdzY/InYEgKhdNSN7EYgxjBEDsp1RCi9Sd52ik/SixQxGM0XCqei /h7YwKhteMwSCdDoDs772Xif14nocGFP5E6Tgi1yA6RVJgfssLIt AbkfWmQCLLkyKXmAgwQoZEchEjFJO2llPbhzX+/SJqnVc+tejdnl drJrJkiO2CH7Jh57JzV2DWrswYT7J49sWf24jw6r86b8/4zWnBmO /vsD5yPb4cCknE=</latexit>
n = 20
<latexit sha1_base64="mpWd W3UlCws8/luImApDdWhV+EA=">AAAB+HicbVA9SwNBEJ3zM8avqK XNYhAsJNwFQRshYGMZwXxAcoS9zSSu2ds7dueEeOQ/2GplJ7b+Gw v/i5d4hSa+6vHeDPPmBbGSllz301laXlldWy9sFDe3tnd2S3v7TR slRmBDRCoy7YBbVFJjgyQpbMcGeRgobAWjq6nfekBjZaRvaRyjH/ KhlgMpOGVSU7NLVnV7pbJbcWdgi8TLSRly1Hulr24/EkmImoTi1 nY8NyY/5YakUDgpdhOLMRcjPsRORjUP0frpLO2EHSeWU8RiNEwqN hPx90bKQ2vHYZBNhpzu7Lw3Ff/zOgkNLvxU6jgh1GJ6iKTC2SErj MxqQNaXBon4NDkyqZnghhOhkYwLkYlJ1ksx68Ob/36RNKsVz614N 2fl2mneTAEO4QhOwINzqME11KEBAu7hCZ7hxXl0Xp035/1ndMnJd w7gD5yPb4iSknI=</latexit><latexit sha1_base64="mpWd W3UlCws8/luImApDdWhV+EA=">AAAB+HicbVA9SwNBEJ3zM8avqK XNYhAsJNwFQRshYGMZwXxAcoS9zSSu2ds7dueEeOQ/2GplJ7b+Gw v/i5d4hSa+6vHeDPPmBbGSllz301laXlldWy9sFDe3tnd2S3v7TR slRmBDRCoy7YBbVFJjgyQpbMcGeRgobAWjq6nfekBjZaRvaRyjH/ KhlgMpOGVSU7NLVnV7pbJbcWdgi8TLSRly1Hulr24/EkmImoTi1 nY8NyY/5YakUDgpdhOLMRcjPsRORjUP0frpLO2EHSeWU8RiNEwqN hPx90bKQ2vHYZBNhpzu7Lw3Ff/zOgkNLvxU6jgh1GJ6iKTC2SErj MxqQNaXBon4NDkyqZnghhOhkYwLkYlJ1ksx68Ob/36RNKsVz614N 2fl2mneTAEO4QhOwINzqME11KEBAu7hCZ7hxXl0Xp035/1ndMnJd w7gD5yPb4iSknI=</latexit><latexit sha1_base64="mpWd W3UlCws8/luImApDdWhV+EA=">AAAB+HicbVA9SwNBEJ3zM8avqK XNYhAsJNwFQRshYGMZwXxAcoS9zSSu2ds7dueEeOQ/2GplJ7b+Gw v/i5d4hSa+6vHeDPPmBbGSllz301laXlldWy9sFDe3tnd2S3v7TR slRmBDRCoy7YBbVFJjgyQpbMcGeRgobAWjq6nfekBjZaRvaRyjH/ KhlgMpOGVSU7NLVnV7pbJbcWdgi8TLSRly1Hulr24/EkmImoTi1 nY8NyY/5YakUDgpdhOLMRcjPsRORjUP0frpLO2EHSeWU8RiNEwqN hPx90bKQ2vHYZBNhpzu7Lw3Ff/zOgkNLvxU6jgh1GJ6iKTC2SErj MxqQNaXBon4NDkyqZnghhOhkYwLkYlJ1ksx68Ob/36RNKsVz614N 2fl2mneTAEO4QhOwINzqME11KEBAu7hCZ7hxXl0Xp035/1ndMnJd w7gD5yPb4iSknI=</latexit><latexit sha1_base64="mpWd W3UlCws8/luImApDdWhV+EA=">AAAB+HicbVA9SwNBEJ3zM8avqK XNYhAsJNwFQRshYGMZwXxAcoS9zSSu2ds7dueEeOQ/2GplJ7b+Gw v/i5d4hSa+6vHeDPPmBbGSllz301laXlldWy9sFDe3tnd2S3v7TR slRmBDRCoy7YBbVFJjgyQpbMcGeRgobAWjq6nfekBjZaRvaRyjH/ KhlgMpOGVSU7NLVnV7pbJbcWdgi8TLSRly1Hulr24/EkmImoTi1 nY8NyY/5YakUDgpdhOLMRcjPsRORjUP0frpLO2EHSeWU8RiNEwqN hPx90bKQ2vHYZBNhpzu7Lw3Ff/zOgkNLvxU6jgh1GJ6iKTC2SErj MxqQNaXBon4NDkyqZnghhOhkYwLkYlJ1ksx68Ob/36RNKsVz614N 2fl2mneTAEO4QhOwINzqME11KEBAu7hCZ7hxXl0Xp035/1ndMnJd w7gD5yPb4iSknI=</latexit>
n = 100
<latexit sha1_base64="5T7r eL9f+3j3WwddswGPlmSimjE=">AAAB+XicbVA9SwNBEN2LXzF+RS 1tFoNgIeFOBG2EgI1lBPMBSQhzm0lcsrd37M4J4ciPsNXKTmz9NR b+F+/OKzTxVY/3Zpg3z4+UtOS6n05pZXVtfaO8Wdna3tndq+4ftG 0YG4EtEarQdH2wqKTGFklS2I0MQuAr7PjTm8zvPKKxMtT3NItwEM BEy7EUQKnU0fyae647rNbcupuDLxOvIDVWoDmsfvVHoYgD1CQUW Nvz3IgGCRiSQuG80o8tRiCmMMFeSjUEaAdJHnfOT2ILFPIIDZeK5 yL+3kggsHYW+OlkAPRgF71M/M/rxTS+GiRSRzGhFtkhkgrzQ1YYm faAfCQNEkGWHLnUXIABIjSSgxCpGKfFVNI+vMXvl0n7vO65de/uo tY4K5opsyN2zE6Zxy5Zg92yJmsxwabsiT2zFydxXp035/1ntOQUO 4fsD5yPb/gXkqs=</latexit><latexit sha1_base64="5T7r eL9f+3j3WwddswGPlmSimjE=">AAAB+XicbVA9SwNBEN2LXzF+RS 1tFoNgIeFOBG2EgI1lBPMBSQhzm0lcsrd37M4J4ciPsNXKTmz9NR b+F+/OKzTxVY/3Zpg3z4+UtOS6n05pZXVtfaO8Wdna3tndq+4ftG 0YG4EtEarQdH2wqKTGFklS2I0MQuAr7PjTm8zvPKKxMtT3NItwEM BEy7EUQKnU0fyae647rNbcupuDLxOvIDVWoDmsfvVHoYgD1CQUW Nvz3IgGCRiSQuG80o8tRiCmMMFeSjUEaAdJHnfOT2ILFPIIDZeK5 yL+3kggsHYW+OlkAPRgF71M/M/rxTS+GiRSRzGhFtkhkgrzQ1YYm faAfCQNEkGWHLnUXIABIjSSgxCpGKfFVNI+vMXvl0n7vO65de/uo tY4K5opsyN2zE6Zxy5Zg92yJmsxwabsiT2zFydxXp035/1ntOQUO 4fsD5yPb/gXkqs=</latexit><latexit sha1_base64="5T7r eL9f+3j3WwddswGPlmSimjE=">AAAB+XicbVA9SwNBEN2LXzF+RS 1tFoNgIeFOBG2EgI1lBPMBSQhzm0lcsrd37M4J4ciPsNXKTmz9NR b+F+/OKzTxVY/3Zpg3z4+UtOS6n05pZXVtfaO8Wdna3tndq+4ftG 0YG4EtEarQdH2wqKTGFklS2I0MQuAr7PjTm8zvPKKxMtT3NItwEM BEy7EUQKnU0fyae647rNbcupuDLxOvIDVWoDmsfvVHoYgD1CQUW Nvz3IgGCRiSQuG80o8tRiCmMMFeSjUEaAdJHnfOT2ILFPIIDZeK5 yL+3kggsHYW+OlkAPRgF71M/M/rxTS+GiRSRzGhFtkhkgrzQ1YYm faAfCQNEkGWHLnUXIABIjSSgxCpGKfFVNI+vMXvl0n7vO65de/uo tY4K5opsyN2zE6Zxy5Zg92yJmsxwabsiT2zFydxXp035/1ntOQUO 4fsD5yPb/gXkqs=</latexit><latexit sha1_base64="5T7r eL9f+3j3WwddswGPlmSimjE=">AAAB+XicbVA9SwNBEN2LXzF+RS 1tFoNgIeFOBG2EgI1lBPMBSQhzm0lcsrd37M4J4ciPsNXKTmz9NR b+F+/OKzTxVY/3Zpg3z4+UtOS6n05pZXVtfaO8Wdna3tndq+4ftG 0YG4EtEarQdH2wqKTGFklS2I0MQuAr7PjTm8zvPKKxMtT3NItwEM BEy7EUQKnU0fyae647rNbcupuDLxOvIDVWoDmsfvVHoYgD1CQUW Nvz3IgGCRiSQuG80o8tRiCmMMFeSjUEaAdJHnfOT2ILFPIIDZeK5 yL+3kggsHYW+OlkAPRgF71M/M/rxTS+GiRSRzGhFtkhkgrzQ1YYm faAfCQNEkGWHLnUXIABIjSSgxCpGKfFVNI+vMXvl0n7vO65de/uo tY4K5opsyN2zE6Zxy5Zg92yJmsxwabsiT2zFydxXp035/1ntOQUO 4fsD5yPb/gXkqs=</latexit>
FIG. 3. Hard device (Helmholtz ensemble) force-elongation
diagrams. (a) Effect of γ, of temperature (b) and of the dis-
creteness parameter n on the strain of the macromolecule.
Parameters: km = 90 pN, α = 0.1, l = 20 nm, εu = 1, n = 5
in (a) n = 10 in (b).
The Gibbs free energy G is
G = − 1
β
lnZG (33)
and, therefore, we can evaluate the expectation value of
the total strain
〈εt〉 = 1
βL(1 + α)
1
ZG
∂ZG
∂F
=
1
(1 + α)
(
F
kmγ
+ εu〈χ¯〉
)
(34)
where
〈χ¯〉 = 〈χ¯〉G (β, F ) = e
βlεuF
1 + e βlεuF
. (35)
Also in the case of soft device (see SI 3) it is possible to
(a)
<latexit sha1_base64="RmqQ8vOnPVbMdh8oTc6jQFHB7dQ=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMQQcKuBPQY8OIxgnlAdgm9k 04cMvtgplcMS8Cv8Konb+LVX/Hgv7gbc9DEOhVV3XR1+bGShmz70yqsrK6tbxQ3S1vbO7t75f2DtokSLbAlIhXprg8GlQyxRZIUdmONEPgKO/74Kvc796iNjMJbmsToBTAK5VAKoExy3TOX8IHSKpxO++WKXbNn4MvEmZMKm6PZL3+5g0gkAYYkFBjTc+yYvBQ0SaFwWnITgzGIM Yywl9EQAjReOss85SeJAYp4jJpLxWci/t5IITBmEvjZZAB0Zxa9XPzP6yU0vPRSGcYJYSjyQyQVzg4ZoWVWBvKB1EgEeXLkMuQCNBChlhyEyMQka6eU9eEsfr9M2uc1x645N/VKoz5vpsiO2DGrModdsAa7Zk3WYoLF7Ik9sxfr0Xq13qz3n9GCNd85ZH9gfXwDM4GVvA==</lat exit><latexit sha1_base64="RmqQ8vOnPVbMdh8oTc6jQFHB7dQ=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMQQcKuBPQY8OIxgnlAdgm9k 04cMvtgplcMS8Cv8Konb+LVX/Hgv7gbc9DEOhVV3XR1+bGShmz70yqsrK6tbxQ3S1vbO7t75f2DtokSLbAlIhXprg8GlQyxRZIUdmONEPgKO/74Kvc796iNjMJbmsToBTAK5VAKoExy3TOX8IHSKpxO++WKXbNn4MvEmZMKm6PZL3+5g0gkAYYkFBjTc+yYvBQ0SaFwWnITgzGIM Yywl9EQAjReOss85SeJAYp4jJpLxWci/t5IITBmEvjZZAB0Zxa9XPzP6yU0vPRSGcYJYSjyQyQVzg4ZoWVWBvKB1EgEeXLkMuQCNBChlhyEyMQka6eU9eEsfr9M2uc1x645N/VKoz5vpsiO2DGrModdsAa7Zk3WYoLF7Ik9sxfr0Xq13qz3n9GCNd85ZH9gfXwDM4GVvA==</lat exit><latexit sha1_base64="RmqQ8vOnPVbMdh8oTc6jQFHB7dQ=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMQQcKuBPQY8OIxgnlAdgm9k 04cMvtgplcMS8Cv8Konb+LVX/Hgv7gbc9DEOhVV3XR1+bGShmz70yqsrK6tbxQ3S1vbO7t75f2DtokSLbAlIhXprg8GlQyxRZIUdmONEPgKO/74Kvc796iNjMJbmsToBTAK5VAKoExy3TOX8IHSKpxO++WKXbNn4MvEmZMKm6PZL3+5g0gkAYYkFBjTc+yYvBQ0SaFwWnITgzGIM Yywl9EQAjReOss85SeJAYp4jJpLxWci/t5IITBmEvjZZAB0Zxa9XPzP6yU0vPRSGcYJYSjyQyQVzg4ZoWVWBvKB1EgEeXLkMuQCNBChlhyEyMQka6eU9eEsfr9M2uc1x645N/VKoz5vpsiO2DGrModdsAa7Zk3WYoLF7Ik9sxfr0Xq13qz3n9GCNd85ZH9gfXwDM4GVvA==</lat exit><latexit sha1_base64="RmqQ8vOnPVbMdh8oTc6jQFHB7dQ=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMQQcKuBPQY8OIxgnlAdgm9k 04cMvtgplcMS8Cv8Konb+LVX/Hgv7gbc9DEOhVV3XR1+bGShmz70yqsrK6tbxQ3S1vbO7t75f2DtokSLbAlIhXprg8GlQyxRZIUdmONEPgKO/74Kvc796iNjMJbmsToBTAK5VAKoExy3TOX8IHSKpxO++WKXbNn4MvEmZMKm6PZL3+5g0gkAYYkFBjTc+yYvBQ0SaFwWnITgzGIM Yywl9EQAjReOss85SeJAYp4jJpLxWci/t5IITBmEvjZZAB0Zxa9XPzP6yU0vPRSGcYJYSjyQyQVzg4ZoWVWBvKB1EgEeXLkMuQCNBChlhyEyMQka6eU9eEsfr9M2uc1x645N/VKoz5vpsiO2DGrModdsAa7Zk3WYoLF7Ik9sxfr0Xq13qz3n9GCNd85ZH9gfXwDM4GVvA==</lat exit>
(b)
<latexit sha1_base64="RW2LhFcsoD3vjo+PDiIye1kNgcI=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0WoICWRgi4LblxWsA9oQplMb +vQSTLM3IglFPwKt7pyJ279FRf+i0nMQlvP6nDOvdxzj6+kMGjbn1ZpZXVtfaO8Wdna3tndq+4fdE0Uaw4dHslI931mQIoQOihQQl9pYIEvoedPrzK/dw/aiCi8xZkCL2CTUIwFZ5hKrnvmIjxgUvdP58NqzW7YOegycQpSIwXaw+qXO4p4HECIXDJjBo6t0EuYRsElzCtubEAxP mUTGKQ0ZAEYL8kzz+lJbBhGVIGmQtJchN8bCQuMmQV+OhkwvDOLXib+5w1iHF96iQhVjBDy7BAKCfkhw7VIywA6EhoQWZYcqAgpZ5ohghaUcZ6KcdpOJe3DWfx+mXTPG47dcG6atVazaKZMjsgxqROHXJAWuSZt0iGcKPJEnsmL9Wi9Wm/W+89oySp2DskfWB/fNRKVvQ==</lat exit><latexit sha1_base64="RW2LhFcsoD3vjo+PDiIye1kNgcI=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0WoICWRgi4LblxWsA9oQplMb +vQSTLM3IglFPwKt7pyJ279FRf+i0nMQlvP6nDOvdxzj6+kMGjbn1ZpZXVtfaO8Wdna3tndq+4fdE0Uaw4dHslI931mQIoQOihQQl9pYIEvoedPrzK/dw/aiCi8xZkCL2CTUIwFZ5hKrnvmIjxgUvdP58NqzW7YOegycQpSIwXaw+qXO4p4HECIXDJjBo6t0EuYRsElzCtubEAxP mUTGKQ0ZAEYL8kzz+lJbBhGVIGmQtJchN8bCQuMmQV+OhkwvDOLXib+5w1iHF96iQhVjBDy7BAKCfkhw7VIywA6EhoQWZYcqAgpZ5ohghaUcZ6KcdpOJe3DWfx+mXTPG47dcG6atVazaKZMjsgxqROHXJAWuSZt0iGcKPJEnsmL9Wi9Wm/W+89oySp2DskfWB/fNRKVvQ==</lat exit><latexit sha1_base64="RW2LhFcsoD3vjo+PDiIye1kNgcI=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0WoICWRgi4LblxWsA9oQplMb +vQSTLM3IglFPwKt7pyJ279FRf+i0nMQlvP6nDOvdxzj6+kMGjbn1ZpZXVtfaO8Wdna3tndq+4fdE0Uaw4dHslI931mQIoQOihQQl9pYIEvoedPrzK/dw/aiCi8xZkCL2CTUIwFZ5hKrnvmIjxgUvdP58NqzW7YOegycQpSIwXaw+qXO4p4HECIXDJjBo6t0EuYRsElzCtubEAxP mUTGKQ0ZAEYL8kzz+lJbBhGVIGmQtJchN8bCQuMmQV+OhkwvDOLXib+5w1iHF96iQhVjBDy7BAKCfkhw7VIywA6EhoQWZYcqAgpZ5ohghaUcZ6KcdpOJe3DWfx+mXTPG47dcG6atVazaKZMjsgxqROHXJAWuSZt0iGcKPJEnsmL9Wi9Wm/W+89oySp2DskfWB/fNRKVvQ==</lat exit><latexit sha1_base64="RW2LhFcsoD3vjo+PDiIye1kNgcI=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0WoICWRgi4LblxWsA9oQplMb +vQSTLM3IglFPwKt7pyJ279FRf+i0nMQlvP6nDOvdxzj6+kMGjbn1ZpZXVtfaO8Wdna3tndq+4fdE0Uaw4dHslI931mQIoQOihQQl9pYIEvoedPrzK/dw/aiCi8xZkCL2CTUIwFZ5hKrnvmIjxgUvdP58NqzW7YOegycQpSIwXaw+qXO4p4HECIXDJjBo6t0EuYRsElzCtubEAxP mUTGKQ0ZAEYL8kzz+lJbBhGVIGmQtJchN8bCQuMmQV+OhkwvDOLXib+5w1iHF96iQhVjBDy7BAKCfkhw7VIywA6EhoQWZYcqAgpZ5ohghaUcZ6KcdpOJe3DWfx+mXTPG47dcG6atVazaKZMjsgxqROHXJAWuSZt0iGcKPJEnsmL9Wi9Wm/W+89oySp2DskfWB/fNRKVvQ==</lat exit>
(c)
<latexit sha1_base64="v1/m5YR7E0A7yCEhLvkOCZCwOwQ=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0WoICWRgi4LblxWsA9oQplMb +vQSTLM3IglFPwKt7pyJ279FRf+i0nMQlvP6nDOvdxzj6+kMGjbn1ZpZXVtfaO8Wdna3tndq+4fdE0Uaw4dHslI931mQIoQOihQQl9pYIEvoedPrzK/dw/aiCi8xZkCL2CTUIwFZ5hKrnvmIjxgUuen82G1ZjfsHHSZOAWpkQLtYfXLHUU8DiBELpkxA8dW6CVMo+AS5hU3NqAYn 7IJDFIasgCMl+SZ5/QkNgwjqkBTIWkuwu+NhAXGzAI/nQwY3plFLxP/8wYxji+9RIQqRgh5dgiFhPyQ4VqkZQAdCQ2ILEsOVISUM80QQQvKOE/FOG2nkvbhLH6/TLrnDcduODfNWqtZNFMmR+SY1IlDLkiLXJM26RBOFHkiz+TFerRerTfr/We0ZBU7h+QPrI9vNqOVvg==</lat exit><latexit sha1_base64="v1/m5YR7E0A7yCEhLvkOCZCwOwQ=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0WoICWRgi4LblxWsA9oQplMb +vQSTLM3IglFPwKt7pyJ279FRf+i0nMQlvP6nDOvdxzj6+kMGjbn1ZpZXVtfaO8Wdna3tndq+4fdE0Uaw4dHslI931mQIoQOihQQl9pYIEvoedPrzK/dw/aiCi8xZkCL2CTUIwFZ5hKrnvmIjxgUuen82G1ZjfsHHSZOAWpkQLtYfXLHUU8DiBELpkxA8dW6CVMo+AS5hU3NqAYn 7IJDFIasgCMl+SZ5/QkNgwjqkBTIWkuwu+NhAXGzAI/nQwY3plFLxP/8wYxji+9RIQqRgh5dgiFhPyQ4VqkZQAdCQ2ILEsOVISUM80QQQvKOE/FOG2nkvbhLH6/TLrnDcduODfNWqtZNFMmR+SY1IlDLkiLXJM26RBOFHkiz+TFerRerTfr/We0ZBU7h+QPrI9vNqOVvg==</lat exit><latexit sha1_base64="v1/m5YR7E0A7yCEhLvkOCZCwOwQ=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0WoICWRgi4LblxWsA9oQplMb +vQSTLM3IglFPwKt7pyJ279FRf+i0nMQlvP6nDOvdxzj6+kMGjbn1ZpZXVtfaO8Wdna3tndq+4fdE0Uaw4dHslI931mQIoQOihQQl9pYIEvoedPrzK/dw/aiCi8xZkCL2CTUIwFZ5hKrnvmIjxgUuen82G1ZjfsHHSZOAWpkQLtYfXLHUU8DiBELpkxA8dW6CVMo+AS5hU3NqAYn 7IJDFIasgCMl+SZ5/QkNgwjqkBTIWkuwu+NhAXGzAI/nQwY3plFLxP/8wYxji+9RIQqRgh5dgiFhPyQ4VqkZQAdCQ2ILEsOVISUM80QQQvKOE/FOG2nkvbhLH6/TLrnDcduODfNWqtZNFMmR+SY1IlDLkiLXJM26RBOFHkiz+TFerRerTfr/We0ZBU7h+QPrI9vNqOVvg==</lat exit><latexit sha1_base64="v1/m5YR7E0A7yCEhLvkOCZCwOwQ=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0WoICWRgi4LblxWsA9oQplMb +vQSTLM3IglFPwKt7pyJ279FRf+i0nMQlvP6nDOvdxzj6+kMGjbn1ZpZXVtfaO8Wdna3tndq+4fdE0Uaw4dHslI931mQIoQOihQQl9pYIEvoedPrzK/dw/aiCi8xZkCL2CTUIwFZ5hKrnvmIjxgUuen82G1ZjfsHHSZOAWpkQLtYfXLHUU8DiBELpkxA8dW6CVMo+AS5hU3NqAYn 7IJDFIasgCMl+SZ5/QkNgwjqkBTIWkuwu+NhAXGzAI/nQwY3plFLxP/8wYxji+9RIQqRgh5dgiFhPyQ4VqkZQAdCQ2ILEsOVISUM80QQQvKOE/FOG2nkvbhLH6/TLrnDcduODfNWqtZNFMmR+SY1IlDLkiLXJM26RBOFHkiz+TFerRerTfr/We0ZBU7h+QPrI9vNqOVvg==</lat exit>
  = 0.2
<latexit sha1_base64="tlTw3fMmjH1hFwmNxvrwr01UY68=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeEuCNoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo8v+TAZRTBiI9BBJhdkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSatW9dyqd3teqZ/lzRTZETtmp8xjF6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9vx9KUzQ==</latexit><latexit sha1_base64="tlTw3fMmjH1hFwmNxvrwr01UY68=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeEuCNoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo8v+TAZRTBiI9BBJhdkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSatW9dyqd3teqZ/lzRTZETtmp8xjF6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9vx9KUzQ==</latexit><latexit sha1_base64="tlTw3fMmjH1hFwmNxvrwr01UY68=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeEuCNoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo8v+TAZRTBiI9BBJhdkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSatW9dyqd3teqZ/lzRTZETtmp8xjF6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9vx9KUzQ==</latexit><latexit sha1_base64="tlTw3fMmjH1hFwmNxvrwr01UY68=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeEuCNoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo8v+TAZRTBiI9BBJhdkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSatW9dyqd3teqZ/lzRTZETtmp8xjF6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9vx9KUzQ==</latexit>
  = 0.4
<latexit sha1_base64="7hA9Vq/YpS1pXHISRZ20b8TuJj4=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFOAtoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo8v+TAZRTBiI9BBJhdkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSeu86rlV77ZWqZ/lzRTZETtmp8xjF6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9vyvCUzw==</latexit><latexit sha1_base64="7hA9Vq/YpS1pXHISRZ20b8TuJj4=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFOAtoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo8v+TAZRTBiI9BBJhdkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSeu86rlV77ZWqZ/lzRTZETtmp8xjF6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9vyvCUzw==</latexit><latexit sha1_base64="7hA9Vq/YpS1pXHISRZ20b8TuJj4=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFOAtoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo8v+TAZRTBiI9BBJhdkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSeu86rlV77ZWqZ/lzRTZETtmp8xjF6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9vyvCUzw==</latexit><latexit sha1_base64="7hA9Vq/YpS1pXHISRZ20b8TuJj4=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFOAtoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo8v+TAZRTBiI9BBJhdkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSeu86rlV77ZWqZ/lzRTZETtmp8xjF6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9vyvCUzw==</latexit>
  = 0.6
<latexit sha1_base64="MT1DFoSXajEpyIRtinzZvPUEtx4=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFORG2EgI1lBPMBuSPMbSZxye7dsTsnhBDwV9hqZSe2/hUL/4t3MYUmvurx3gzz5oWJkpZc9 9MpLC2vrK4V10sbm1vbO+XdvaaNUyOwIWIVm3YIFpWMsEGSFLYTg6BDha1weJ37rQc0VsbRHY0SDDQMItmXAiiTfH8AWgO/4m71vFuuu FV3Cr5IvBmpsBnq3fKX34tFqjEiocDajucmFIzBkBQKJyU/tZiAGMIAOxmNQKMNxtPME36UWqCYJ2i4VHwq4u+NMWhrRzrMJjXQvZ33c vE/r5NS/zIYyyhJCSORHyKpcHrICiOzMpD3pEEiyJMjlxEXYIAIjeQgRCamWTulrA9v/vtF0jytem7Vuz2r1E5mzRTZATtkx8xjF6zGb lidNZhgCXtiz+zFeXRenTfn/We04Mx29tkfOB/fzg6U0Q==</latexit><latexit sha1_base64="MT1DFoSXajEpyIRtinzZvPUEtx4=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFORG2EgI1lBPMBuSPMbSZxye7dsTsnhBDwV9hqZSe2/hUL/4t3MYUmvurx3gzz5oWJkpZc9 9MpLC2vrK4V10sbm1vbO+XdvaaNUyOwIWIVm3YIFpWMsEGSFLYTg6BDha1weJ37rQc0VsbRHY0SDDQMItmXAiiTfH8AWgO/4m71vFuuu FV3Cr5IvBmpsBnq3fKX34tFqjEiocDajucmFIzBkBQKJyU/tZiAGMIAOxmNQKMNxtPME36UWqCYJ2i4VHwq4u+NMWhrRzrMJjXQvZ33c vE/r5NS/zIYyyhJCSORHyKpcHrICiOzMpD3pEEiyJMjlxEXYIAIjeQgRCamWTulrA9v/vtF0jytem7Vuz2r1E5mzRTZATtkx8xjF6zGb lidNZhgCXtiz+zFeXRenTfn/We04Mx29tkfOB/fzg6U0Q==</latexit><latexit sha1_base64="MT1DFoSXajEpyIRtinzZvPUEtx4=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFORG2EgI1lBPMBuSPMbSZxye7dsTsnhBDwV9hqZSe2/hUL/4t3MYUmvurx3gzz5oWJkpZc9 9MpLC2vrK4V10sbm1vbO+XdvaaNUyOwIWIVm3YIFpWMsEGSFLYTg6BDha1weJ37rQc0VsbRHY0SDDQMItmXAiiTfH8AWgO/4m71vFuuu FV3Cr5IvBmpsBnq3fKX34tFqjEiocDajucmFIzBkBQKJyU/tZiAGMIAOxmNQKMNxtPME36UWqCYJ2i4VHwq4u+NMWhrRzrMJjXQvZ33c vE/r5NS/zIYyyhJCSORHyKpcHrICiOzMpD3pEEiyJMjlxEXYIAIjeQgRCamWTulrA9v/vtF0jytem7Vuz2r1E5mzRTZATtkx8xjF6zGb lidNZhgCXtiz+zFeXRenTfn/We04Mx29tkfOB/fzg6U0Q==</latexit><latexit sha1_base64="MT1DFoSXajEpyIRtinzZvPUEtx4=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFORG2EgI1lBPMBuSPMbSZxye7dsTsnhBDwV9hqZSe2/hUL/4t3MYUmvurx3gzz5oWJkpZc9 9MpLC2vrK4V10sbm1vbO+XdvaaNUyOwIWIVm3YIFpWMsEGSFLYTg6BDha1weJ37rQc0VsbRHY0SDDQMItmXAiiTfH8AWgO/4m71vFuuu FV3Cr5IvBmpsBnq3fKX34tFqjEiocDajucmFIzBkBQKJyU/tZiAGMIAOxmNQKMNxtPME36UWqCYJ2i4VHwq4u+NMWhrRzrMJjXQvZ33c vE/r5NS/zIYyyhJCSORHyKpcHrICiOzMpD3pEEiyJMjlxEXYIAIjeQgRCamWTulrA9v/vtF0jytem7Vuz2r1E5mzRTZATtkx8xjF6zGb lidNZhgCXtiz+zFeXRenTfn/We04Mx29tkfOB/fzg6U0Q==</latexit>
  = 0.8
<latexit sha1_base64="LjWgR1HJiHaR4ID87nnb5GxI20M=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFOBNMIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo1p/JoMoJgxEeoikwuyQFUYmZSAfSoNEkCZHLgMuwAARGslBiESMk3ZKSR/e4vfLpHVe9dyqd3tRqZ/lzRTZETtmp8xjl6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9v0SyU0w==</latexit><latexit sha1_base64="LjWgR1HJiHaR4ID87nnb5GxI20M=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFOBNMIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo1p/JoMoJgxEeoikwuyQFUYmZSAfSoNEkCZHLgMuwAARGslBiESMk3ZKSR/e4vfLpHVe9dyqd3tRqZ/lzRTZETtmp8xjl6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9v0SyU0w==</latexit><latexit sha1_base64="LjWgR1HJiHaR4ID87nnb5GxI20M=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFOBNMIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo1p/JoMoJgxEeoikwuyQFUYmZSAfSoNEkCZHLgMuwAARGslBiESMk3ZKSR/e4vfLpHVe9dyqd3tRqZ/lzRTZETtmp8xjl6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9v0SyU0w==</latexit><latexit sha1_base64="LjWgR1HJiHaR4ID87nnb5GxI20M=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFOBNMIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo1p/JoMoJgxEeoikwuyQFUYmZSAfSoNEkCZHLgMuwAARGslBiESMk3ZKSR/e4vfLpHVe9dyqd3tRqZ/lzRTZETtmp8xjl6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9v0SyU0w==</latexit>
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  = 0.2
<latexit sha1_base64="tlTw3fMmjH1hFwmNxvrwr01UY68=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeEuCNoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo8v+TAZRTBiI9BBJhdkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSatW9dyqd3teqZ/lzRTZETtmp8xjF6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9vx9KUzQ==</latexit><latexit sha1_base64="tlTw3fMmjH1hFwmNxvrwr01UY68=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeEuCNoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo8v+TAZRTBiI9BBJhdkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSatW9dyqd3teqZ/lzRTZETtmp8xjF6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9vx9KUzQ==</latexit><latexit sha1_base64="tlTw3fMmjH1hFwmNxvrwr01UY68=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeEuCNoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo8v+TAZRTBiI9BBJhdkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSatW9dyqd3teqZ/lzRTZETtmp8xjF6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9vx9KUzQ==</latexit><latexit sha1_base64="tlTw3fMmjH1hFwmNxvrwr01UY68=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeEuCNoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo8v+TAZRTBiI9BBJhdkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSatW9dyqd3teqZ/lzRTZETtmp8xjF6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9vx9KUzQ==</latexit>
  = 0.4
<latexit sha1_base64="7hA9Vq/YpS1pXHISRZ20b8TuJj4=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFOAtoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo8v+TAZRTBiI9BBJhdkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSeu86rlV77ZWqZ/lzRTZETtmp8xjF6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9vyvCUzw==</latexit><latexit sha1_base64="7hA9Vq/YpS1pXHISRZ20b8TuJj4=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFOAtoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo8v+TAZRTBiI9BBJhdkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSeu86rlV77ZWqZ/lzRTZETtmp8xjF6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9vyvCUzw==</latexit><latexit sha1_base64="7hA9Vq/YpS1pXHISRZ20b8TuJj4=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFOAtoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo8v+TAZRTBiI9BBJhdkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSeu86rlV77ZWqZ/lzRTZETtmp8xjF6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9vyvCUzw==</latexit><latexit sha1_base64="7hA9Vq/YpS1pXHISRZ20b8TuJj4=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFOAtoIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo8v+TAZRTBiI9BBJhdkhK4xMykA+lAaJIE2OXAZcgAEiNJKDEIkYJ+2Ukj68xe+XSeu86rlV77ZWqZ/lzRTZETtmp8xjF6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9vyvCUzw==</latexit>
  = 0.6
<latexit sha1_base64="MT1DFoSXajEpyIRtinzZvPUEtx4=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFORG2EgI1lBPMBuSPMbSZxye7dsTsnhBDwV9hqZSe2/hUL/4t3MYUmvurx3gzz5oWJkpZc9 9MpLC2vrK4V10sbm1vbO+XdvaaNUyOwIWIVm3YIFpWMsEGSFLYTg6BDha1weJ37rQc0VsbRHY0SDDQMItmXAiiTfH8AWgO/4m71vFuuu FV3Cr5IvBmpsBnq3fKX34tFqjEiocDajucmFIzBkBQKJyU/tZiAGMIAOxmNQKMNxtPME36UWqCYJ2i4VHwq4u+NMWhrRzrMJjXQvZ33c vE/r5NS/zIYyyhJCSORHyKpcHrICiOzMpD3pEEiyJMjlxEXYIAIjeQgRCamWTulrA9v/vtF0jytem7Vuz2r1E5mzRTZATtkx8xjF6zGb lidNZhgCXtiz+zFeXRenTfn/We04Mx29tkfOB/fzg6U0Q==</latexit><latexit sha1_base64="MT1DFoSXajEpyIRtinzZvPUEtx4=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFORG2EgI1lBPMBuSPMbSZxye7dsTsnhBDwV9hqZSe2/hUL/4t3MYUmvurx3gzz5oWJkpZc9 9MpLC2vrK4V10sbm1vbO+XdvaaNUyOwIWIVm3YIFpWMsEGSFLYTg6BDha1weJ37rQc0VsbRHY0SDDQMItmXAiiTfH8AWgO/4m71vFuuu FV3Cr5IvBmpsBnq3fKX34tFqjEiocDajucmFIzBkBQKJyU/tZiAGMIAOxmNQKMNxtPME36UWqCYJ2i4VHwq4u+NMWhrRzrMJjXQvZ33c vE/r5NS/zIYyyhJCSORHyKpcHrICiOzMpD3pEEiyJMjlxEXYIAIjeQgRCamWTulrA9v/vtF0jytem7Vuz2r1E5mzRTZATtkx8xjF6zGb lidNZhgCXtiz+zFeXRenTfn/We04Mx29tkfOB/fzg6U0Q==</latexit><latexit sha1_base64="MT1DFoSXajEpyIRtinzZvPUEtx4=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFORG2EgI1lBPMBuSPMbSZxye7dsTsnhBDwV9hqZSe2/hUL/4t3MYUmvurx3gzz5oWJkpZc9 9MpLC2vrK4V10sbm1vbO+XdvaaNUyOwIWIVm3YIFpWMsEGSFLYTg6BDha1weJ37rQc0VsbRHY0SDDQMItmXAiiTfH8AWgO/4m71vFuuu FV3Cr5IvBmpsBnq3fKX34tFqjEiocDajucmFIzBkBQKJyU/tZiAGMIAOxmNQKMNxtPME36UWqCYJ2i4VHwq4u+NMWhrRzrMJjXQvZ33c vE/r5NS/zIYyyhJCSORHyKpcHrICiOzMpD3pEEiyJMjlxEXYIAIjeQgRCamWTulrA9v/vtF0jytem7Vuz2r1E5mzRTZATtkx8xjF6zGb lidNZhgCXtiz+zFeXRenTfn/We04Mx29tkfOB/fzg6U0Q==</latexit><latexit sha1_base64="MT1DFoSXajEpyIRtinzZvPUEtx4=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFORG2EgI1lBPMBuSPMbSZxye7dsTsnhBDwV9hqZSe2/hUL/4t3MYUmvurx3gzz5oWJkpZc9 9MpLC2vrK4V10sbm1vbO+XdvaaNUyOwIWIVm3YIFpWMsEGSFLYTg6BDha1weJ37rQc0VsbRHY0SDDQMItmXAiiTfH8AWgO/4m71vFuuu FV3Cr5IvBmpsBnq3fKX34tFqjEiocDajucmFIzBkBQKJyU/tZiAGMIAOxmNQKMNxtPME36UWqCYJ2i4VHwq4u+NMWhrRzrMJjXQvZ33c vE/r5NS/zIYyyhJCSORHyKpcHrICiOzMpD3pEEiyJMjlxEXYIAIjeQgRCamWTulrA9v/vtF0jytem7Vuz2r1E5mzRTZATtkx8xjF6zGb lidNZhgCXtiz+zFeXRenTfn/We04Mx29tkfOB/fzg6U0Q==</latexit>
  = 0.8
<latexit sha1_base64="LjWgR1HJiHaR4ID87nnb5GxI20M=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFOBNMIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo1p/JoMoJgxEeoikwuyQFUYmZSAfSoNEkCZHLgMuwAARGslBiESMk3ZKSR/e4vfLpHVe9dyqd3tRqZ/lzRTZETtmp8xjl6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9v0SyU0w==</latexit><latexit sha1_base64="LjWgR1HJiHaR4ID87nnb5GxI20M=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFOBNMIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo1p/JoMoJgxEeoikwuyQFUYmZSAfSoNEkCZHLgMuwAARGslBiESMk3ZKSR/e4vfLpHVe9dyqd3tRqZ/lzRTZETtmp8xjl6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9v0SyU0w==</latexit><latexit sha1_base64="LjWgR1HJiHaR4ID87nnb5GxI20M=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFOBNMIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo1p/JoMoJgxEeoikwuyQFUYmZSAfSoNEkCZHLgMuwAARGslBiESMk3ZKSR/e4vfLpHVe9dyqd3tRqZ/lzRTZETtmp8xjl6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9v0SyU0w==</latexit><latexit sha1_base64="LjWgR1HJiHaR4ID87nnb5GxI20M=">A AAB/nicbVA9SwNBEN2LXzF+RS1tFoNgIeFOBNMIARvLCOYDkhDmNpO4ZPfu2J0TQgj4K2y1shNb/4qF/8W78wpNfNXjvRnmzfMjJS257 qdTWFldW98obpa2tnd298r7By0bxkZgU4QqNB0fLCoZYJMkKexEBkH7Ctv+5Dr12w9orAyDO5pG2NcwDuRICqBE6vXGoDXwK+5Wa4Nyx a26Gfgy8XJSYTkag/JXbxiKWGNAQoG1Xc+NqD8DQ1IonJd6scUIxATG2E1oABptf5ZlnvOT2AKFPELDpeKZiL83ZqCtnWo/mdRA93bRS 8X/vG5Mo1p/JoMoJgxEeoikwuyQFUYmZSAfSoNEkCZHLgMuwAARGslBiESMk3ZKSR/e4vfLpHVe9dyqd3tRqZ/lzRTZETtmp8xjl6zOb liDNZlgEXtiz+zFeXRenTfn/We04OQ7h+wPnI9v0SyU0w==</latexit>
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T = 150K
<latexit sha1_base64="7QdKB2qZHiVfMS6utSlmadKPHXI=">A AACA3icbVC7SgNBFJ2NrxgfWbW0GQyChYRdUbQRAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9UMs/Bd31xSaeKrDOfdyzz1+LIVGx /m0CkvLK6trxfXSxubWdtne2W3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF7ARqEYCs4wlfp2uUEvqXvm9BAeM LmZ9u2KU3Vy0EXizkiFzFDv21+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4lB4azTCiMSgqJM1F+L2RsEDrSeCnk wHDOz3vZeJ/Xtfg8MJLRBgbhJBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/vtF0jqpuk7VvT2t1I5nzRTJPjkgR 8Ql56RGrkmdNAknhjyRZ/JiPVqv1pv1/jNasGY7e+QPrI9v2A6Wew==</latexit><latexit sha1_base64="7QdKB2qZHiVfMS6utSlmadKPHXI=">A AACA3icbVC7SgNBFJ2NrxgfWbW0GQyChYRdUbQRAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9UMs/Bd31xSaeKrDOfdyzz1+LIVGx /m0CkvLK6trxfXSxubWdtne2W3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF7ARqEYCs4wlfp2uUEvqXvm9BAeM LmZ9u2KU3Vy0EXizkiFzFDv21+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4lB4azTCiMSgqJM1F+L2RsEDrSeCnk wHDOz3vZeJ/Xtfg8MJLRBgbhJBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/vtF0jqpuk7VvT2t1I5nzRTJPjkgR 8Ql56RGrkmdNAknhjyRZ/JiPVqv1pv1/jNasGY7e+QPrI9v2A6Wew==</latexit><latexit sha1_base64="7QdKB2qZHiVfMS6utSlmadKPHXI=">A AACA3icbVC7SgNBFJ2NrxgfWbW0GQyChYRdUbQRAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9UMs/Bd31xSaeKrDOfdyzz1+LIVGx /m0CkvLK6trxfXSxubWdtne2W3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF7ARqEYCs4wlfp2uUEvqXvm9BAeM LmZ9u2KU3Vy0EXizkiFzFDv21+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4lB4azTCiMSgqJM1F+L2RsEDrSeCnk wHDOz3vZeJ/Xtfg8MJLRBgbhJBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/vtF0jqpuk7VvT2t1I5nzRTJPjkgR 8Ql56RGrkmdNAknhjyRZ/JiPVqv1pv1/jNasGY7e+QPrI9v2A6Wew==</latexit><latexit sha1_base64="7QdKB2qZHiVfMS6utSlmadKPHXI=">A AACA3icbVC7SgNBFJ2NrxgfWbW0GQyChYRdUbQRAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9UMs/Bd31xSaeKrDOfdyzz1+LIVGx /m0CkvLK6trxfXSxubWdtne2W3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF7ARqEYCs4wlfp2uUEvqXvm9BAeM LmZ9u2KU3Vy0EXizkiFzFDv21+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4lB4azTCiMSgqJM1F+L2RsEDrSeCnk wHDOz3vZeJ/Xtfg8MJLRBgbhJBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/vtF0jqpuk7VvT2t1I5nzRTJPjkgR 8Ql56RGrkmdNAknhjyRZ/JiPVqv1pv1/jNasGY7e+QPrI9v2A6Wew==</latexit>
T = 300K
<latexit sha1_base64="FrHieHp85nOpL2Cp+ZP8LkzTsG4=">A AACA3icbVC7SgNBFJ2NrxgfWbW0GQyChYRdFbQRAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9UMs/Bd31xSaeKrDOfdyzz1+LIVGx /m0CkvLK6trxfXSxubWdtne2W3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF7ARqEYCs4wlfp2uUEv6anj9BAeM LmZ9u2KU3Vy0EXizkiFzFDv21+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4lB4azTCiMSgqJM1F+L2RsEDrSeCnk wHDOz3vZeJ/Xtfg8MJLRBgbhJBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/vtF0jqpuk7VvT2r1I5nzRTJPjkgR 8Ql56RGrkmdNAknhjyRZ/JiPVqv1pv1/jNasGY7e+QPrI9v00iWeA==</latexit><latexit sha1_base64="FrHieHp85nOpL2Cp+ZP8LkzTsG4=">A AACA3icbVC7SgNBFJ2NrxgfWbW0GQyChYRdFbQRAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9UMs/Bd31xSaeKrDOfdyzz1+LIVGx /m0CkvLK6trxfXSxubWdtne2W3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF7ARqEYCs4wlfp2uUEv6anj9BAeM LmZ9u2KU3Vy0EXizkiFzFDv21+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4lB4azTCiMSgqJM1F+L2RsEDrSeCnk wHDOz3vZeJ/Xtfg8MJLRBgbhJBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/vtF0jqpuk7VvT2r1I5nzRTJPjkgR 8Ql56RGrkmdNAknhjyRZ/JiPVqv1pv1/jNasGY7e+QPrI9v00iWeA==</latexit><latexit sha1_base64="FrHieHp85nOpL2Cp+ZP8LkzTsG4=">A AACA3icbVC7SgNBFJ2NrxgfWbW0GQyChYRdFbQRAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9UMs/Bd31xSaeKrDOfdyzz1+LIVGx /m0CkvLK6trxfXSxubWdtne2W3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF7ARqEYCs4wlfp2uUEv6anj9BAeM LmZ9u2KU3Vy0EXizkiFzFDv21+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4lB4azTCiMSgqJM1F+L2RsEDrSeCnk wHDOz3vZeJ/Xtfg8MJLRBgbhJBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/vtF0jqpuk7VvT2r1I5nzRTJPjkgR 8Ql56RGrkmdNAknhjyRZ/JiPVqv1pv1/jNasGY7e+QPrI9v00iWeA==</latexit><latexit sha1_base64="FrHieHp85nOpL2Cp+ZP8LkzTsG4=">A AACA3icbVC7SgNBFJ2NrxgfWbW0GQyChYRdFbQRAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9UMs/Bd31xSaeKrDOfdyzz1+LIVGx /m0CkvLK6trxfXSxubWdtne2W3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF7ARqEYCs4wlfp2uUEv6anj9BAeM LmZ9u2KU3Vy0EXizkiFzFDv21+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4lB4azTCiMSgqJM1F+L2RsEDrSeCnk wHDOz3vZeJ/Xtfg8MJLRBgbhJBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/vtF0jqpuk7VvT2r1I5nzRTJPjkgR 8Ql56RGrkmdNAknhjyRZ/JiPVqv1pv1/jNasGY7e+QPrI9v00iWeA==</latexit>
T = 600K
<latexit sha1_base64="v7rBztaIvlTsuc1gkEGulZAhK98=">A AACA3icbVC7SgNBFJ2NrxgfWbW0GQyChYRdEbURAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9UMs/Bd31xSaeKrDOfdyzz1+LIVGx /m0CkvLK6trxfXSxubWdtne2W3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF7ARqEYCs4wlfp2uUEv6Znj9BAeM LmZ9u2KU3Vy0EXizkiFzFDv21+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4lB4azTCiMSgqJM1F+L2RsEDrSeCnk wHDOz3vZeJ/Xtfg8MJLRBgbhJBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/vtF0jqpuk7VvT2t1I5nzRTJPjkgR 8Ql56RGrkmdNAknhjyRZ/JiPVqv1pv1/jNasGY7e+QPrI9v2BOWew==</latexit><latexit sha1_base64="v7rBztaIvlTsuc1gkEGulZAhK98=">A AACA3icbVC7SgNBFJ2NrxgfWbW0GQyChYRdEbURAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9UMs/Bd31xSaeKrDOfdyzz1+LIVGx /m0CkvLK6trxfXSxubWdtne2W3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF7ARqEYCs4wlfp2uUEv6Znj9BAeM LmZ9u2KU3Vy0EXizkiFzFDv21+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4lB4azTCiMSgqJM1F+L2RsEDrSeCnk wHDOz3vZeJ/Xtfg8MJLRBgbhJBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/vtF0jqpuk7VvT2t1I5nzRTJPjkgR 8Ql56RGrkmdNAknhjyRZ/JiPVqv1pv1/jNasGY7e+QPrI9v2BOWew==</latexit><latexit sha1_base64="v7rBztaIvlTsuc1gkEGulZAhK98=">A AACA3icbVC7SgNBFJ2NrxgfWbW0GQyChYRdEbURAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9UMs/Bd31xSaeKrDOfdyzz1+LIVGx /m0CkvLK6trxfXSxubWdtne2W3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF7ARqEYCs4wlfp2uUEv6Znj9BAeM LmZ9u2KU3Vy0EXizkiFzFDv21+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4lB4azTCiMSgqJM1F+L2RsEDrSeCnk wHDOz3vZeJ/Xtfg8MJLRBgbhJBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/vtF0jqpuk7VvT2t1I5nzRTJPjkgR 8Ql56RGrkmdNAknhjyRZ/JiPVqv1pv1/jNasGY7e+QPrI9v2BOWew==</latexit><latexit sha1_base64="v7rBztaIvlTsuc1gkEGulZAhK98=">A AACA3icbVC7SgNBFJ2NrxgfWbW0GQyChYRdEbURAjaCTYS8IFnC7OQmDpl9MHNHDEtKv8JWKzux9UMs/Bd31xSaeKrDOfdyzz1+LIVGx /m0CkvLK6trxfXSxubWdtne2W3pyCgOTR7JSHV8pkGKEJooUEInVsACX0LbH19lfvselBZR2MBJDF7ARqEYCs4wlfp2uUEv6Znj9BAeM LmZ9u2KU3Vy0EXizkiFzFDv21+9QcRNACFyybTuuk6MXsIUCi5hWuoZDTHjYzaCbkpDFoD2kjz4lB4azTCiMSgqJM1F+L2RsEDrSeCnk wHDOz3vZeJ/Xtfg8MJLRBgbhJBnh1BIyA9prkTaCNCBUIDIsuRARUg5UwwRlKCM81Q0aUWltA93/vtF0jqpuk7VvT2t1I5nzRTJPjkgR 8Ql56RGrkmdNAknhjyRZ/JiPVqv1pv1/jNasGY7e+QPrI9v2BOWew==</latexit>
T = 900K
<latexit sha1_base64="g9W8rzoFgz+x+lf7HJlJ1fkX5Bs=">A AACA3icbVC7SgNBFJ2NrxgfWbW0GQyChYRdEdRCCNgINhHygmQJs5ObOGT2wcwdMSwp/QpbrezE1g+x8F/cXVNo4qkO59zLPff4sRQaH efTKiwtr6yuFddLG5tb22V7Z7elI6M4NHkkI9XxmQYpQmiiQAmdWAELfAltf3yV+e17UFpEYQMnMXgBG4ViKDjDVOrb5Qa9pBeO00N4w ORm2rcrTtXJQReJOyMVMkO9b3/1BhE3AYTIJdO66zoxeglTKLiEaalnNMSMj9kIuikNWQDaS/LgU3poNMOIxqCokDQX4fdGwgKtJ4GfT gYM7/S8l4n/eV2Dw3MvEWFsEEKeHUIhIT+kuRJpI0AHQgEiy5IDFSHlTDFEUIIyzlPRpBWV0j7c+e8XSeuk6jpV9/a0UjueNVMk++SAH BGXnJEauSZ10iScGPJEnsmL9Wi9Wm/W+89owZrt7JE/sD6+Adzeln4=</latexit><latexit sha1_base64="g9W8rzoFgz+x+lf7HJlJ1fkX5Bs=">A AACA3icbVC7SgNBFJ2NrxgfWbW0GQyChYRdEdRCCNgINhHygmQJs5ObOGT2wcwdMSwp/QpbrezE1g+x8F/cXVNo4qkO59zLPff4sRQaH efTKiwtr6yuFddLG5tb22V7Z7elI6M4NHkkI9XxmQYpQmiiQAmdWAELfAltf3yV+e17UFpEYQMnMXgBG4ViKDjDVOrb5Qa9pBeO00N4w ORm2rcrTtXJQReJOyMVMkO9b3/1BhE3AYTIJdO66zoxeglTKLiEaalnNMSMj9kIuikNWQDaS/LgU3poNMOIxqCokDQX4fdGwgKtJ4GfT gYM7/S8l4n/eV2Dw3MvEWFsEEKeHUIhIT+kuRJpI0AHQgEiy5IDFSHlTDFEUIIyzlPRpBWV0j7c+e8XSeuk6jpV9/a0UjueNVMk++SAH BGXnJEauSZ10iScGPJEnsmL9Wi9Wm/W+89owZrt7JE/sD6+Adzeln4=</latexit><latexit sha1_base64="g9W8rzoFgz+x+lf7HJlJ1fkX5Bs=">A AACA3icbVC7SgNBFJ2NrxgfWbW0GQyChYRdEdRCCNgINhHygmQJs5ObOGT2wcwdMSwp/QpbrezE1g+x8F/cXVNo4qkO59zLPff4sRQaH efTKiwtr6yuFddLG5tb22V7Z7elI6M4NHkkI9XxmQYpQmiiQAmdWAELfAltf3yV+e17UFpEYQMnMXgBG4ViKDjDVOrb5Qa9pBeO00N4w ORm2rcrTtXJQReJOyMVMkO9b3/1BhE3AYTIJdO66zoxeglTKLiEaalnNMSMj9kIuikNWQDaS/LgU3poNMOIxqCokDQX4fdGwgKtJ4GfT gYM7/S8l4n/eV2Dw3MvEWFsEEKeHUIhIT+kuRJpI0AHQgEiy5IDFSHlTDFEUIIyzlPRpBWV0j7c+e8XSeuk6jpV9/a0UjueNVMk++SAH BGXnJEauSZ10iScGPJEnsmL9Wi9Wm/W+89owZrt7JE/sD6+Adzeln4=</latexit><latexit sha1_base64="g9W8rzoFgz+x+lf7HJlJ1fkX5Bs=">A AACA3icbVC7SgNBFJ2NrxgfWbW0GQyChYRdEdRCCNgINhHygmQJs5ObOGT2wcwdMSwp/QpbrezE1g+x8F/cXVNo4qkO59zLPff4sRQaH efTKiwtr6yuFddLG5tb22V7Z7elI6M4NHkkI9XxmQYpQmiiQAmdWAELfAltf3yV+e17UFpEYQMnMXgBG4ViKDjDVOrb5Qa9pBeO00N4w ORm2rcrTtXJQReJOyMVMkO9b3/1BhE3AYTIJdO66zoxeglTKLiEaalnNMSMj9kIuikNWQDaS/LgU3poNMOIxqCokDQX4fdGwgKtJ4GfT gYM7/S8l4n/eV2Dw3MvEWFsEEKeHUIhIT+kuRJpI0AHQgEiy5IDFSHlTDFEUIIyzlPRpBWV0j7c+e8XSeuk6jpV9/a0UjueNVMk++SAH BGXnJEauSZ10iScGPJEnsmL9Wi9Wm/W+89owZrt7JE/sD6+Adzeln4=</latexit>
Superimposed
<latexit sha1_base64="AxL3StkFpAAowIYhil/JzlGwn+I=">A AACB3icbVC7TsNAEDzzDOFlSElzIkKiQJGNkKCMREMZBHlISRSdL5twyp1t3a0RkZUP4CtooaJDtHwGBf/C2biAhKlGM7ua3QliKQx63 qeztLyyurZe2ihvbm3v7Lp7+y0TJZpDk0cy0p2AGZAihCYKlNCJNTAVSGgHk8vMb9+DNiIKb3EaQ1+xcShGgjO00sCt9BAeML1JYtBCx ZGB4WzgVr2al4MuEr8gVVKgMXC/esOIJwpC5JIZ0/W9GPsp0yi4hFm5lxiIGZ+wMXQtDZkC00/z42f0KDEMI2rzqZA0F+H3RsqUMVMV2 EnF8M7Me5n4n9dNcHTRT0UYJwghz4JQSMiDDNfCtgJ0KDQgsuxyoCKknGmGaKugjHMrJramsu3Dn/9+kbROa75X86/PqvWTopkSOSCH5 Jj45JzUyRVpkCbhZEqeyDN5cR6dV+fNef8ZXXKKnQr5A+fjG8CkmfE=</latexit><latexit sha1_base64="AxL3StkFpAAowIYhil/JzlGwn+I=">A AACB3icbVC7TsNAEDzzDOFlSElzIkKiQJGNkKCMREMZBHlISRSdL5twyp1t3a0RkZUP4CtooaJDtHwGBf/C2biAhKlGM7ua3QliKQx63 qeztLyyurZe2ihvbm3v7Lp7+y0TJZpDk0cy0p2AGZAihCYKlNCJNTAVSGgHk8vMb9+DNiIKb3EaQ1+xcShGgjO00sCt9BAeML1JYtBCx ZGB4WzgVr2al4MuEr8gVVKgMXC/esOIJwpC5JIZ0/W9GPsp0yi4hFm5lxiIGZ+wMXQtDZkC00/z42f0KDEMI2rzqZA0F+H3RsqUMVMV2 EnF8M7Me5n4n9dNcHTRT0UYJwghz4JQSMiDDNfCtgJ0KDQgsuxyoCKknGmGaKugjHMrJramsu3Dn/9+kbROa75X86/PqvWTopkSOSCH5 Jj45JzUyRVpkCbhZEqeyDN5cR6dV+fNef8ZXXKKnQr5A+fjG8CkmfE=</latexit><latexit sha1_base64="AxL3StkFpAAowIYhil/JzlGwn+I=">A AACB3icbVC7TsNAEDzzDOFlSElzIkKiQJGNkKCMREMZBHlISRSdL5twyp1t3a0RkZUP4CtooaJDtHwGBf/C2biAhKlGM7ua3QliKQx63 qeztLyyurZe2ihvbm3v7Lp7+y0TJZpDk0cy0p2AGZAihCYKlNCJNTAVSGgHk8vMb9+DNiIKb3EaQ1+xcShGgjO00sCt9BAeML1JYtBCx ZGB4WzgVr2al4MuEr8gVVKgMXC/esOIJwpC5JIZ0/W9GPsp0yi4hFm5lxiIGZ+wMXQtDZkC00/z42f0KDEMI2rzqZA0F+H3RsqUMVMV2 EnF8M7Me5n4n9dNcHTRT0UYJwghz4JQSMiDDNfCtgJ0KDQgsuxyoCKknGmGaKugjHMrJramsu3Dn/9+kbROa75X86/PqvWTopkSOSCH5 Jj45JzUyRVpkCbhZEqeyDN5cR6dV+fNef8ZXXKKnQr5A+fjG8CkmfE=</latexit><latexit sha1_base64="AxL3StkFpAAowIYhil/JzlGwn+I=">A AACB3icbVC7TsNAEDzzDOFlSElzIkKiQJGNkKCMREMZBHlISRSdL5twyp1t3a0RkZUP4CtooaJDtHwGBf/C2biAhKlGM7ua3QliKQx63 qeztLyyurZe2ihvbm3v7Lp7+y0TJZpDk0cy0p2AGZAihCYKlNCJNTAVSGgHk8vMb9+DNiIKb3EaQ1+xcShGgjO00sCt9BAeML1JYtBCx ZGB4WzgVr2al4MuEr8gVVKgMXC/esOIJwpC5JIZ0/W9GPsp0yi4hFm5lxiIGZ+wMXQtDZkC00/z42f0KDEMI2rzqZA0F+H3RsqUMVMV2 EnF8M7Me5n4n9dNcHTRT0UYJwghz4JQSMiDDNfCtgJ0KDQgsuxyoCKknGmGaKugjHMrJramsu3Dn/9+kbROa75X86/PqvWTopkSOSCH5 Jj45JzUyRVpkCbhZEqeyDN5cR6dV+fNef8ZXXKKnQr5A+fjG8CkmfE=</latexit>
F (pN)
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FIG. 4. Stress-strain curves of the Gibbs ensemble (assigned
force). (a) Effect of γ. As γ increases, the macromolecule
becomes stiffer. (b) Effect of γ. As γ increases, the force
acting on the macromolecule is not affected. (c) Effect of
the temperature T . As the temperature increases, the curves
become steeper. The values used for the molecule properties
are n = 5, km = 90 pN, α = 0.1, l = 20 nm, εu = 1.
show that the total and the molecule strain are related
by (28), so that by using (34) we obtain
〈εm〉 = F
km
+ εu〈χ¯〉. (36)
with a force strain molecular relation independent from
the number n of elements of the chain.
Once again, we point out the analogy among (34),(36)
and (28) which are consistent with the analogous rela-
tions in the mechanical limit (11), (12) and (14) and in
the Helmholtz ensemble (26), (29) and (28) with the
only difference given by (35).
In Fig. 4 we show the effects of temperature. It is
8important to remark that there is no influence of the
device stiffness in the case of soft device regarding the
force-strain macromolecule relation. We refer again to
section VI for a detailed discussion of these results.
V. THERMODYNAMIC LIMIT
Many important biological molecules undergoing con-
formational transitions, (i.e. titin [22] or DNA [45]) are
constituted by a very large number of domains. There-
fore, it is interesting to explore the thermodynamic limit
behavior n→∞.
Firstly, let us consider the case of hard device. In order
to perform the thermodynamic limit we use the saddle
point method that (see [42, 46] and SI 5) delivers the
expectation value of the unfolded fraction
〈χ¯〉 ' χc(εt), (37)
where χc is the solution of
ln
(
x
1− x
)
+ εuβkmlγ (εu x− (1 + α) εt) = 0. (38)
It is straightforward to see that, consistently with the
results previously shown in the paper, we obtain the same
form of the mechanical response of the macromolecules as
in (26), (28), (29). The same equations can be extended
also to the case of the soft device thermodynamic limit,
after observing that the phase fraction in (35) does not
depend on n.
We want now to extend previous results, regarding
the equivalence of the molecule response under the hard
and soft device in the thermodynamic limit to the case
when non convex energies and the handle stiffness effect
are considered. This result has been analytically shown
in [47, 48] for flexible polymers in the case of convex
energy. In the same papers the results have been nu-
merically shown also in the case of a two-wells energy.
Notice that, in the mechanical limit, the observed equiv-
alence can be deduced following the approach in [32] and
in [49] where the authors consider also metastable config-
urations and hysteresis. On the other hand, this equiva-
lence is not true when non local interactions are consid-
ered (see e.g. [50, 51]).
Since the force-elongation relation has the same ex-
pression in the two ensembles (see (29) and (36)), we
prove the analytical equivalence in the thermodynamic
limit by showing that the value of the unfolding fraction
in (27) and (35) coincide. To this hand, since we used the
Stirling approximation in the hard device case, we apply
this formula also to (35) rewritten in the following form
(derived from (31) without evaluating the summation)
〈χ¯〉 =
n∑
p=0
p
n
e
βln
2kmγ
(F 2+2kmεuγ pnF)
n∑
p=0
e
βln
2kmγ
(F 2+2kmεuγ pnF)
. (39)
Following an approach similar to the previous case (see
SI Sect. 5), we found that the critical point χc is the
solution of
ln
(
x
1− x
)
+ βlεuF = 0. (40)
By using (34) we obtain again (38) proving the equiva-
lence of the two ensembles in the thermodynamic limit.
VI. DISCUSSION
We developed an exact unified mathematical model,
in the framework of equilibrium Statistical Mechanics,
quantifying the effect of the handling device stiffness in
stretching experiments on a chain of bi-stable elements.
Among the many important examples one can think to
SMFS tests on biomolecules. To fix the idea, in this pa-
per we referred to AFM experiments on macromolecules
constituted by a chain of domains (e.g. α-helix and β-
sheets) undergoing conformational (folded → unfolded)
transition. It is important to remark that the proposed
framework can be extended to the case of mechanical
molecular interactions [52].
In particular, following the approach in [42], we consid-
ered the chain and the device microcantilever as a unique
thermodynamical system. We analyzed both the assump-
tions of assigned displacement and applied force acting
on the cantilever. The former case is described by the
so called Helmholtz ensemble, whereas the latter is de-
scribed by the so called Gibbs ensemble, linked by an
integral Laplace transform to the previous one. As we
show, several limit cases of theoretical interest can be de-
duced by our general approach: the ideal hard and soft
device (neglecting the device stiffness), the thermody-
namic limit and the mechanical limit (neglecting entropy
effects).
In particular, we deduced that in both statistical en-
sembles and in all considered limits, the molecular re-
sponse can be formally described by the following rela-
tions:
F = kmγ ((1 + α) εt − εuχ¯),
εm = εuχ¯+ γ ((1 + α) εt − εuχ¯) ,
F = km(εm − εuχ¯),
(41)
where, with a slight abuse of notation, we identify the
value of the variables with their expectation values de-
pending on the specific case.
The only difference among all considered possibilities
lies on the expectation value of the unfolded fraction χ¯.
Following this result, all the different behaviors analyzed
in previous sections are described in Fig. 5 with respect
to the phase fraction evolutions during the molecule un-
folding.
The important influence on the mechanical response
of the macromolecules when the total displacement is as-
signed, are shown in Fig. 3a and Fig. 5a. As the device
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Thermodynamical
<latexit sha1_base64="q5PihYeMQQ 8Oi0jrcnlCvDpyYpo=">AAACCnicbVC7SgNBFJ31GeNrVbCxGQxCqrArgpYBG8 sIeUGyhNnJTTJk9sHMXTGs+QO/wlYrO7H1Jyz8F2fXLTTxVIdz7uXce/xYCo2O 82mtrK6tb2yWtsrbO7t7+/bBYVtHieLQ4pGMVNdnGqQIoYUCJXRjBSzwJXT86X Xmd+5AaRGFTZzF4AVsHIqR4AyNNLCP+wj3mDYnoIJoOAtZYCw5H9gVp+bkoMvEL UiFFGgM7K/+MOJJACFyybTuuU6MXsoUCi5hXu4nGmLGp2wMPUNNDmgvze+f07N EM4xoDIoKSXMRfm+kLNB6FvhmMmA40YteJv7n9RIcXXmpCOMEIeRZEAoJeZDmS phigA6FAkSWXQ5UhJQzxRBBCco4N2JimiqbPtzF75dJ+7zmOjX39qJSrxbNlMgJ OSVV4pJLUic3pEFahJMH8kSeyYv1aL1ab9b7z+iKVewckT+wPr4BCf6bLA==</ latexit><latexit sha1_base64="q5PihYeMQQ 8Oi0jrcnlCvDpyYpo=">AAACCnicbVC7SgNBFJ31GeNrVbCxGQxCqrArgpYBG8 sIeUGyhNnJTTJk9sHMXTGs+QO/wlYrO7H1Jyz8F2fXLTTxVIdz7uXce/xYCo2O 82mtrK6tb2yWtsrbO7t7+/bBYVtHieLQ4pGMVNdnGqQIoYUCJXRjBSzwJXT86X Xmd+5AaRGFTZzF4AVsHIqR4AyNNLCP+wj3mDYnoIJoOAtZYCw5H9gVp+bkoMvEL UiFFGgM7K/+MOJJACFyybTuuU6MXsoUCi5hXu4nGmLGp2wMPUNNDmgvze+f07N EM4xoDIoKSXMRfm+kLNB6FvhmMmA40YteJv7n9RIcXXmpCOMEIeRZEAoJeZDmS phigA6FAkSWXQ5UhJQzxRBBCco4N2JimiqbPtzF75dJ+7zmOjX39qJSrxbNlMgJ OSVV4pJLUic3pEFahJMH8kSeyYv1aL1ab9b7z+iKVewckT+wPr4BCf6bLA==</ latexit><latexit sha1_base64="q5PihYeMQQ 8Oi0jrcnlCvDpyYpo=">AAACCnicbVC7SgNBFJ31GeNrVbCxGQxCqrArgpYBG8 sIeUGyhNnJTTJk9sHMXTGs+QO/wlYrO7H1Jyz8F2fXLTTxVIdz7uXce/xYCo2O 82mtrK6tb2yWtsrbO7t7+/bBYVtHieLQ4pGMVNdnGqQIoYUCJXRjBSzwJXT86X Xmd+5AaRGFTZzF4AVsHIqR4AyNNLCP+wj3mDYnoIJoOAtZYCw5H9gVp+bkoMvEL UiFFGgM7K/+MOJJACFyybTuuU6MXsoUCi5hXu4nGmLGp2wMPUNNDmgvze+f07N EM4xoDIoKSXMRfm+kLNB6FvhmMmA40YteJv7n9RIcXXmpCOMEIeRZEAoJeZDmS phigA6FAkSWXQ5UhJQzxRBBCco4N2JimiqbPtzF75dJ+7zmOjX39qJSrxbNlMgJ OSVV4pJLUic3pEFahJMH8kSeyYv1aL1ab9b7z+iKVewckT+wPr4BCf6bLA==</ latexit><latexit sha1_base64="q5PihYeMQQ 8Oi0jrcnlCvDpyYpo=">AAACCnicbVC7SgNBFJ31GeNrVbCxGQxCqrArgpYBG8 sIeUGyhNnJTTJk9sHMXTGs+QO/wlYrO7H1Jyz8F2fXLTTxVIdz7uXce/xYCo2O 82mtrK6tb2yWtsrbO7t7+/bBYVtHieLQ4pGMVNdnGqQIoYUCJXRjBSzwJXT86X Xmd+5AaRGFTZzF4AVsHIqR4AyNNLCP+wj3mDYnoIJoOAtZYCw5H9gVp+bkoMvEL UiFFGgM7K/+MOJJACFyybTuuU6MXsoUCi5hXu4nGmLGp2wMPUNNDmgvze+f07N EM4xoDIoKSXMRfm+kLNB6FvhmMmA40YteJv7n9RIcXXmpCOMEIeRZEAoJeZDmS phigA6FAkSWXQ5UhJQzxRBBCco4N2JimiqbPtzF75dJ+7zmOjX39qJSrxbNlMgJ OSVV4pJLUic3pEFahJMH8kSeyYv1aL1ab9b7z+iKVewckT+wPr4BCf6bLA==</ latexit>
Superimposed
<latexit sha1_base64="ncSmzmX8dx rpvdW3sXL0Lb+hiEg=">AAACB3icbVC7TsNAEDzzDOFlSElzIgJRRXZAgjISDW UQ5CElVnS+bMIp54fu1ojIygfwFbRQ0SFaPoOCf+FsXEDCVKOZXc3u+LEUGh3n 01paXlldWy9tlDe3tnd27b39to4SxaHFIxmprs80SBFCCwVK6MYKWOBL6PiTy8 zv3IPSIgpvcRqDF7BxKEaCMzTSwK70ER4wvUliUCKIIw3D2cCuOjUnB10kbkGqp EBzYH/1hxFPAgiRS6Z1z3Vi9FKmUHAJs3I/0RAzPmFj6BkasgC0l+bHz+hRohl G1ORTIWkuwu+NlAVaTwPfTAYM7/S8l4n/eb0ERxdeKsI4QQh5FoRCQh6kuRKmF aBDoQCRZZcDFSHlTDFEUwVlnBsxMTWVTR/u/PeLpF2vuae1+vVZtXFcNFMiB+SQ nBCXnJMGuSJN0iKcTMkTeSYv1qP1ar1Z7z+jS1axUyF/YH18A8Akme8=</late xit>
  = 0.2
<latexit sha1_base64="uni49dIrwA 0YV8TDIShoLhpGCEo=">AAAB/nicbVA9SwNBEN3zM8avqKXNYlCswl0UtBECNp YRzAfkQpjbTOKS3btjd04IR8BfYauVndj6Vyz8L17iFZr4qsd7M8ybF8RKWnLd T2dpeWV1bb2wUdzc2t7ZLe3tN22UGIENEanItAOwqGSIDZKksB0bBB0obAWj66 nfekBjZRTe0TjGroZhKAdSAGWS7w9Ba+BX3K1Ue6WyW3Fn4IvEy0mZ5aj3Sl9+P xKJxpCEAms7nhtTNwVDUiicFP3EYgxiBEPsZDQEjbabzjJP+HFigSIeo+FS8Zm IvzdS0NaOdZBNaqB7O+9Nxf+8TkKDy24qwzghDMX0EEmFs0NWGJmVgbwvDRLBN DlyGXIBBojQSA5CZGKStVPM+vDmv18kzWrFO6tUb8/LtZO8mQI7ZEfslHnsgtXY DauzBhMsZk/smb04j86r8+a8/4wuOfnOAfsD5+Mbx1KUyw==</latexit>
  = 0.4
<latexit sha1_base64="LAVUOwEC2i OhItPHVrYhco74U7c=">AAAB/nicbVA9SwNBEN2LXzF+RS1tFoNiFe5iQBshYG MZwXxALoS5zSQu2b07dueEEAL+Clut7MTWv2Lhf/ESr9DEVz3em2HevCBW0pLr fjq5ldW19Y38ZmFre2d3r7h/0LRRYgQ2RKQi0w7AopIhNkiSwnZsEHSgsBWMrm d+6wGNlVF4R+MYuxqGoRxIAZRKvj8ErYFfcbdc7RVLbtmdgy8TLyMllqHeK375/ UgkGkMSCqzteG5M3QkYkkLhtOAnFmMQIxhiJ6UhaLTdyTzzlJ8kFijiMRouFZ+ L+HtjAtrasQ7SSQ10bxe9mfif10locNmdyDBOCEMxO0RS4fyQFUamZSDvS4NEM EuOXIZcgAEiNJKDEKmYpO0U0j68xe+XSbNS9s7LldtqqXaaNZNnR+yYnTGPXbAa u2F11mCCxeyJPbMX59F5dd6c95/RnJPtHLI/cD6+AcpwlM0=</latexit>
  = 0.6
<latexit sha1_base64="14qpngvMcp LJDDxZYGjtlHc+5io=">AAAB/nicbVA9SwNBEN2LXzF+RS1tFoNiFe6iqI0QsL GMYD4gF8LcZhKX7N4du3NCCAF/ha1WdmLrX7Hwv3iJV2jiqx7vzTBvXhAracl1 P53c0vLK6lp+vbCxubW9U9zda9goMQLrIlKRaQVgUckQ6yRJYSs2CDpQ2AyG11 O/+YDGyii8o1GMHQ2DUPalAEol3x+A1sCvuFs+7xZLbtmdgS8SLyMllqHWLX75v UgkGkMSCqxte25MnTEYkkLhpOAnFmMQQxhgO6UhaLSd8SzzhB8lFijiMRouFZ+ J+HtjDNrakQ7SSQ10b+e9qfif106of9kZyzBOCEMxPURS4eyQFUamZSDvSYNEM E2OXIZcgAEiNJKDEKmYpO0U0j68+e8XSaNS9k7LlduzUvU4aybPDtghO2Eeu2BV dsNqrM4Ei9kTe2YvzqPz6rw57z+jOSfb2Wd/4Hx8A82OlM8=</latexit>
  = 0.8
<latexit sha1_base64="Dh3WvXhdBR dP93sU9G0XmXz1d6I=">AAAB/nicbVA9SwNBEN2LXzF+RS1tFoNiFe6iYBohYG MZwXxALoS5zSQu2b07dueEEAL+Clut7MTWv2Lhf/ESr9DEVz3em2HevCBW0pLr fjq5ldW19Y38ZmFre2d3r7h/0LRRYgQ2RKQi0w7AopIhNkiSwnZsEHSgsBWMrm d+6wGNlVF4R+MYuxqGoRxIAZRKvj8ErYFfcbdc7RVLbtmdgy8TLyMllqHeK375/ UgkGkMSCqzteG5M3QkYkkLhtOAnFmMQIxhiJ6UhaLTdyTzzlJ8kFijiMRouFZ+ L+HtjAtrasQ7SSQ10bxe9mfif10loUO1OZBgnhKGYHSKpcH7ICiPTMpD3pUEim CVHLkMuwAARGslBiFRM0nYKaR/e4vfLpFkpe+flyu1FqXaaNZNnR+yYnTGPXbIa u2F11mCCxeyJPbMX59F5dd6c95/RnJPtHLI/cD6+AdCslNE=</latexit>
  = 0.2
<latexit sha1_ba se64="uni49dIrwA0YV8TDIShoLhpGC Eo=">AAAB/nicbVA9SwNBEN3zM8avqK XNYlCswl0UtBECNpYRzAfkQpjbTOKS3 btjd04IR8BfYauVndj6Vyz8L17iFZr4q sd7M8ybF8RKWnLdT2dpeWV1bb2wUdzc 2t7ZLe3tN22UGIENEanItAOwqGSIDZK ksB0bBB0obAWj66nfekBjZRTe0TjGro ZhKAdSAGWS7w9Ba+BX3K1Ue6WyW3Fn4 IvEy0mZ5aj3Sl9+PxKJxpCEAms7nhtT NwVDUiicFP3EYgxiBEPsZDQEjbabzjJ P+HFigSIeo+FS8ZmIvzdS0NaOdZBNaqB 7O+9Nxf+8TkKDy24qwzghDMX0EEmFs0 NWGJmVgbwvDRLBNDlyGXIBBojQSA5CZ GKStVPM+vDmv18kzWrFO6tUb8/LtZO8 mQI7ZEfslHnsgtXYDauzBhMsZk/smb0 4j86r8+a8/4wuOfnOAfsD5+Mbx1KUyw ==</latexit>
  = 0.4
<latexit sha1_ba se64="LAVUOwEC2iOhItPHVrYhco74U 7c=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNiFe5iQBshYGMZwXxALoS5zSQu2 b07dueEEAL+Clut7MTWv2Lhf/ESr9DEV z3em2HevCBW0pLrfjq5ldW19Y38ZmFr e2d3r7h/0LRRYgQ2RKQi0w7AopIhNki SwnZsEHSgsBWMrmd+6wGNlVF4R+MYux qGoRxIAZRKvj8ErYFfcbdc7RVLbtmdg y8TLyMllqHeK375/UgkGkMSCqzteG5M 3QkYkkLhtOAnFmMQIxhiJ6UhaLTdyTz zlJ8kFijiMRouFZ+L+HtjAtrasQ7SSQ1 0bxe9mfif10locNmdyDBOCEMxO0RS4f yQFUamZSDvS4NEMEuOXIZcgAEiNJKDE KmYpO0U0j68xe+XSbNS9s7LldtqqXaa NZNnR+yYnTGPXbAau2F11mCCxeyJPbM X59F5dd6c95/RnJPtHLI/cD6+AcpwlM 0=</latexit>
  = 0.6
<latexit sha1_ba se64="14qpngvMcpLJDDxZYGjtlHc+5 io=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNiFe6iqI0QsLGMYD4gF8LcZhKX7 N4du3NCCAF/ha1WdmLrX7Hwv3iJV2jiq x7vzTBvXhAracl1P53c0vLK6lp+vbCx ubW9U9zda9goMQLrIlKRaQVgUckQ6yR JYSs2CDpQ2AyG11O/+YDGyii8o1GMHQ 2DUPalAEol3x+A1sCvuFs+7xZLbtmdg S8SLyMllqHWLX75vUgkGkMSCqxte25M nTEYkkLhpOAnFmMQQxhgO6UhaLSd8Sz zhB8lFijiMRouFZ+J+HtjDNrakQ7SSQ1 0b+e9qfif106of9kZyzBOCEMxPURS4e yQFUamZSDvSYNEME2OXIZcgAEiNJKDE KmYpO0U0j68+e8XSaNS9k7LlduzUvU4 aybPDtghO2Eeu2BVdsNqrM4Ei9kTe2Y vzqPz6rw57z+jOSfb2Wd/4Hx8A82OlM 8=</latexit>
  = 0.8
<latexit sha1_ba se64="Dh3WvXhdBRdP93sU9G0XmXz1d 6I=">AAAB/nicbVA9SwNBEN2LXzF+RS 1tFoNiFe6iYBohYGMZwXxALoS5zSQu2 b07dueEEAL+Clut7MTWv2Lhf/ESr9DEV z3em2HevCBW0pLrfjq5ldW19Y38ZmFr e2d3r7h/0LRRYgQ2RKQi0w7AopIhNki SwnZsEHSgsBWMrmd+6wGNlVF4R+MYux qGoRxIAZRKvj8ErYFfcbdc7RVLbtmdg y8TLyMllqHeK375/UgkGkMSCqzteG5M 3QkYkkLhtOAnFmMQIxhiJ6UhaLTdyTz zlJ8kFijiMRouFZ+L+HtjAtrasQ7SSQ1 0bxe9mfif10loUO1OZBgnhKGYHSKpcH 7ICiPTMpD3pUEimCVHLkMuwAARGslBi FRM0nYKaR/e4vfLpFkpe+flyu1FqXaa NZNnR+yYnTGPXbIau2F11mCCxeyJPbM X59F5dd6c95/RnJPtHLI/cD6+AdCslN E=</latexit>
T = 300K
<latexit sha1_ba se64="otT2umoEj9UTpNSAYm3u5Ogiy VA=">AAACA3icbVC7SgNBFJ2NrxgfWb W0GYyCVdhNBG2EgI1gEyEvSJYwO7mJQ 2YfzNwVw5LSr7DVyk5s/RAL/8XddQtNP NXhnHu55x43lEKjZX0ahZXVtfWN4mZp a3tnt2zu7Xd0ECkObR7IQPVcpkEKH9o oUEIvVMA8V0LXnV6lfvcelBaB38JZCI 7HJr4YC84wkYZmuUUvad2yBggPGN/Mh 2bFqloZ6DKxc1IhOZpD82swCnjkgY9c Mq37thWiEzOFgkuYlwaRhpDxKZtAP6E +80A7cRZ8Tk8izTCgISgqJM1E+L0RM0/ rmecmkx7DO73opeJ/Xj/C8YUTCz+MEH yeHkIhITukuRJJI0BHQgEiS5MDFT7lT DFEUIIyzhMxSioqJX3Yi98vk06tater tduzSuM4b6ZIDskROSU2OScNck2apE0 4icgTeSYvxqPxarwZ7z+jBSPfOSB/YH x8A9IulnQ=</latexit>
T = 150K
<latexit sha1_ba se64="91NiZ9lWUO2pHxcSbGjn9DsYn wU=">AAACA3icbVC7TsNAEDyHVwiPGC hpTgQkqsgOIGiQItEg0QQpLymxovNlE 045P3S3RkRWSr6CFio6RMuHUPAv2MYFJ Ew1mtnVzo4bSqHRsj6NwtLyyupacb20 sbm1XTZ3dts6iBSHFg9koLou0yCFDy0 UKKEbKmCeK6HjTq5Sv3MPSovAb+I0BM djY1+MBGeYSAOz3KSX1D6z+ggPGN/MB mbFqloZ6CKxc1IhORoD86s/DHjkgY9c Mq17thWiEzOFgkuYlfqRhpDxCRtDL6E +80A7cRZ8Ro8izTCgISgqJM1E+L0RM0/ rqecmkx7DOz3vpeJ/Xi/C0YUTCz+MEH yeHkIhITukuRJJI0CHQgEiS5MDFT7lT DFEUIIyzhMxSioqJX3Y898vknatap9U a7enlfph3kyR7JMDckxsck7q5Jo0SIt wEpEn8kxejEfj1Xgz3n9GC0a+s0f+wP j4Btb0lnc=</latexit>
T = 600K
<latexit sha1_ba se64="2YDeeBhfDtIQJKotpVHk48L+u yg=">AAACA3icbVC7TsNAEDyHVwiPGC hpTgQkqsgOCGiQItEg0QQpLymxovNlE 045P3S3RkRWSr6CFio6RMuHUPAv2MYFJ Ew1mtnVzo4bSqHRsj6NwtLyyupacb20 sbm1XTZ3dts6iBSHFg9koLou0yCFDy0 UKKEbKmCeK6HjTq5Sv3MPSovAb+I0BM djY1+MBGeYSAOz3KSX9Myy+ggPGN/MB mbFqloZ6CKxc1IhORoD86s/DHjkgY9c Mq17thWiEzOFgkuYlfqRhpDxCRtDL6E +80A7cRZ8Ro8izTCgISgqJM1E+L0RM0/ rqecmkx7DOz3vpeJ/Xi/C0YUTCz+MEH yeHkIhITukuRJJI0CHQgEiS5MDFT7lT DFEUIIyzhMxSioqJX3Y898vknatap9U a7enlfph3kyR7JMDckxsck7q5Jo0SIt wEpEn8kxejEfj1Xgz3n9GC0a+s0f+wP j4Btb5lnc=</latexit>
T = 900K
<latexit sha1_ba se64="GKbCcN2RaPu/g+F8+Wz47EbZx bU=">AAACA3icbVC7SgNBFJ2NrxgfWb W0GYyCVdiNgloIARvBJkJekCxhdnITh 8w+mLkrhiWlX2GrlZ3Y+iEW/ou76xaae KrDOfdyzz1uKIVGy/o0CkvLK6trxfXS xubWdtnc2W3rIFIcWjyQgeq6TIMUPrR QoIRuqIB5roSOO7lK/c49KC0Cv4nTEB yPjX0xEpxhIg3McpNe0gvL6iM8YHwzG 5gVq2ploIvEzkmF5GgMzK/+MOCRBz5y ybTu2VaITswUCi5hVupHGkLGJ2wMvYT 6zAPtxFnwGT2KNMOAhqCokDQT4fdGzDy tp56bTHoM7/S8l4r/eb0IR+dOLPwwQv B5egiFhOyQ5kokjQAdCgWILE0OVPiUM 8UQQQnKOE/EKKmolPRhz3+/SNq1qn1S rd2eVuqHeTNFsk8OyDGxyRmpk2vSIC3 CSUSeyDN5MR6NV+PNeP8ZLRj5zh75A+ PjG9vElno=</latexit>
T = 300K
<latexit sha1_base64="otT2umoEj9 UTpNSAYm3u5OgiyVA=">AAACA3icbVC7SgNBFJ2NrxgfWbW0GYyCVdhNBG2EgI 1gEyEvSJYwO7mJQ2YfzNwVw5LSr7DVyk5s/RAL/8XddQtNPNXhnHu55x43lEKj ZX0ahZXVtfWN4mZpa3tnt2zu7Xd0ECkObR7IQPVcpkEKH9ooUEIvVMA8V0LXnV 6lfvcelBaB38JZCI7HJr4YC84wkYZmuUUvad2yBggPGN/Mh2bFqloZ6DKxc1IhO ZpD82swCnjkgY9cMq37thWiEzOFgkuYlwaRhpDxKZtAP6E+80A7cRZ8Tk8izTC gISgqJM1E+L0RM0/rmecmkx7DO73opeJ/Xj/C8YUTCz+MEHyeHkIhITukuRJJI 0BHQgEiS5MDFT7lTDFEUIIyzhMxSioqJX3Yi98vk06tatertduzSuM4b6ZIDskR OSU2OScNck2apE04icgTeSYvxqPxarwZ7z+jBSPfOSB/YHx8A9IulnQ=</late xit>
T = 150K
<latexit sha1_base64="91NiZ9lWUO 2pHxcSbGjn9DsYnwU=">AAACA3icbVC7TsNAEDyHVwiPGChpTgQkqsgOIGiQIt Eg0QQpLymxovNlE045P3S3RkRWSr6CFio6RMuHUPAv2MYFJEw1mtnVzo4bSqHR sj6NwtLyyupacb20sbm1XTZ3dts6iBSHFg9koLou0yCFDy0UKKEbKmCeK6HjTq 5Sv3MPSovAb+I0BMdjY1+MBGeYSAOz3KSX1D6z+ggPGN/MBmbFqloZ6CKxc1IhO RoD86s/DHjkgY9cMq17thWiEzOFgkuYlfqRhpDxCRtDL6E+80A7cRZ8Ro8izTC gISgqJM1E+L0RM0/rqecmkx7DOz3vpeJ/Xi/C0YUTCz+MEHyeHkIhITukuRJJI 0CHQgEiS5MDFT7lTDFEUIIyzhMxSioqJX3Y898vknatap9Ua7enlfph3kyR7JMD ckxsck7q5Jo0SItwEpEn8kxejEfj1Xgz3n9GC0a+s0f+wPj4Btb0lnc=</late xit>
T = 600K
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FIG. 5. Summary of the macromolecule behavior in terms of phase fraction evolution under different boundary conditions and
limit regimes.
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stiffness decreases, the unfolding force decreases and the
behavior becomes more cooperative. It is important to
remark that (see [42]) this can lead to huge overestima-
tion or underestimation of the force thresholds of the
macromolecule. In this perspective, we point out that
an extended literature in the field neglects the stiffness
effect and considers the ideal cases when the total macro-
molecule displacement is assigned (ideal hard device) or
the force acting on the macromolecule is assigned (ideal
soft device).
In passing, we observe that these limit behaviors can
be deduced in our model by considering the limit of rigid
device-molecule connection: γ → 1. Indeed, as we show
in SI, Sect. 6, in these ideal cases we obtain the same
formal expressions in (41) with phase fractions
〈χ¯ideal〉H (β, εt) =
n∑
p=0
(
n
p
)
p
n
e−
βkmln
2 (εu
p
n−εt)
2
n∑
p=0
(
n
p
)
e−
βkmln
2 (εu
p
n−εt)
2
,
〈χ¯ideal〉G (β, F ) = e
βlεuF
1 + eβlεuF
.
(42)
The same expressions are obtained by the general model
in the γ → 1 limit.
Moreover, it is interesting to observe that if we con-
sider the hard device, when γ → 0, the macromolecule
response approaches the behavior of the ideal soft de-
vice (see Fig. 5c down-right). Conversely, when γ → 1
the macromolecular response coincide with the one of the
ideal hard device (see Fig. 5c up-right). Thus, by varying
the stiffness ratio γ all the ranges of behavior between the
two limit cases can be attained.
The soft device boundary conditions are described in
Fig. 4 and Fig. 5b. According with the experimental
behavior we may observe a monotonic transition force-
elongation path. Interestingly, we obtain that in this
case the macromolecule behavior is independent from γ
and n (see Fig. 4b).
The temperature effect is shown in Fig. 3b, Fig. 4c
and in Fig. 5a,b for the two ensembles. This should be
compared with the limit regime when temperature effects
are neglected, studied in Section III) and represented in
Fig. 2 and Fig. 5c left. Interestingly, while when we ne-
glect temperature effects the unfolding transition corre-
sponds to constant forces thresholds, when temperature
effects are considered we may observe a hardening behav-
ior with the unfolding force growing with the unfolded
percentage. This effect is in accordance with the exper-
iments in [22] showing such a hardening behavior of a
recombinant titin macromolecule with identical β-sheets
domains. Observe that the hardening grows as the tem-
perature grows.
The influence of the discreteness size is shown in
Fig. 3c. The force threshold decreases as the number of
elements n increases. The thermodynamic limit (n→∞)
has been studied in section V and is represented in terms
of phase fraction 〈χ¯〉 in Fig. 5c center. Specifically, by ex-
tending the results in [48], where the authors study gener-
alizations of the freely jointed chain and of the worm-like
chain models with extensible bonds, we demonstrated the
equivalence in the thermodynamic limit of the molecule
response under hard and soft device. This result, was
numerically described in [40].
In conclusion, we deduced a general framework, able to
analytically describe in the rate-independent regime the
importance of the stiffness handle, considering also tem-
perature effects. As we show, all other cases analyzed in
the literature on SMFS experiments and models, such as
thermodynamic limit [39, 40], mechanical limit [49] and
ideal hard and soft devices [30, 32, 48] can be obtained
as limit cases of this general model.
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1SUPPLEMENTARY INFORMATION FOR “ON THE INFLUENCE OF DEVICE HANDLE IN
SINGLE-MOLECULE EXPERIMENTS”
We report for the reader convenience the analytical details of the model proposed the paper. To this end we refer
to the equations in the main paper using the same notation, whereas we denote with SI-(.) the equation (.) of the
Supporting Information document. Moreover according with the main paper notation we denote with the subscripts
m, d, and t to denote variables referred to the molecule, the device and the total (molecule plus device) system,
respectively.
VII. HAMILTONIAN OF THE SYSTEM AND BASIC DEFINITIONS
The system is composed of n mass points with mass m connected by bistable springs with modulus km and a loading
device with mass M represented as an n + 1 spring with modulus kd. The Hamiltonian function can be written as
the sum of kinetic and elastic energy
H = EK + Vt =
n∑
i=1
1
2m
p2i +
1
2M
p2n+1 +
n∑
i=1
1
2
kml(εi − εuχi)2 + 1
2
kdαLε
2
d (SI-1)
where εu is the reference strain of the unfolded configuration, l = L/n is the reference length of each element, αLεd is
the elongation of the device and pi are the momentum of the i-th oscillator. Here χi is an internal variable that can
assume values 0 or 1 if the I-the element is folded or unfolded, respectively. We consider different boundary conditions
acting on the device: assigned displacement d (hard device) or assigned force F (soft device). In the framework of
equilibrium Statistical Mechanics, these two cases are described by the Helmholtz and Gibbs ensembles, respectively.
The ideal hard and soft device, with assigned displacements and force, respectively, acting directly on the molecule
are obtained as limit systems. Finally we consider the mechanical limit when entropic effects can be neglected and
the thermodynamic limit when the number n of elements diverges.
The total displacement can be expressed as
d =
n∑
i=1
lεi + αLεd = L(εm + αεd) (SI-2)
where εm is the average strain of the macromolecule
εm =
1
n
n∑
i=1
εi. (SI-3)
The relation between εmand the total strain εt
εt =
d
L(1 + α)
⇒ (1 + α) εt = εm + α εd. (SI-4)
By using (SI-4) we can express the device strain as
α εd = (1 + α) εt − εm.
The equilibrium condition requires a constant force F :
km(εi − εuχi) = kd εd.
By averaging with respect to I we then get the relation between the macromolecule and the device strain
kd εd = km(εm − εuχ¯)
where χ¯ =
∑n
i=1 χi
n is the fraction of unfolded domains. After introducing the non-dimensional parameter
γ =
kd
kd + αkp
∈ [0, 1],
measuring the relative device vs total stiffness, by using (SI-4) we get
εm = (1 + α)γ εt + (1− γ) εuχ¯. (SI-5)
2VIII. HELMHOLTZ ENSEMBLE
Consider first the case of hard device, when the total displacement d is applied to the instrument. In this case we
have to consider the partition function in the Helmholtz ensemble defined as
ZH = (l
nαL)
∑
χ
∫
R2(n+1)
e−βHδ
( n∑
i=1
lεi + αLεd − d
) n∏
i
dpi dpd
n∏
i
l dεi (αL) dεd
where β = 1/kBT , kB being the Boltzmann constant, T the absolute temperature and χ = {χ1, . . . , χn} ∈ {0, 1}n is
the vector denoting the phase (folded of unfolded) configuration. For the sake of simplicity we drop the domain of
the vector spin variable χ. We used the delta function to enforce the displacement constraint (SI-2).
We can separate the contributions to ZH of the kinetic energy and of the potential energy, so that we can split up
the integral over the momenta and over the strains, respectively:
ZH = αLl
n
∫
R(n+1)
e−βEk
n∏
i=1
dpi dpd
∑
χ
∫
R(n+1)
e−βVtδ
( n∑
i=1
lεi + αLεd − d
) n∏
i=1
dεi dεd.
We solve the Gaussian integral over the momenta to obtain
ZH = AαLl
n
∑
χ
∫
R(n+1)
e−β
(∑
i
1
2kml(εi−εuχi)2+ 12
kd
αL (αLεd)
2
)
δ
(∑
i
lεi + αLεd − d
)∏
i
dεi dεd,
where
A = (2pi)(n+1)/2
(
m
β
)n/2(
M
β
)1/2
. (SI-6)
We can also integrate out the free variable εd to obtain
ZH = A l
n
∑
χ
∫
Rn
e
−β
(∑
i
1
2kml(εi−εuχi)2+ 12
kd
αL
(∑
i lεi−d
)2)∏
i
dεi.
By using (SI-4) we get
ZH = A l
n
∑
χ
∫
Rn
e
− βlkm2
(∑
i(εi−εuχi)2+ηn
(
1
n
∑
i εi−(1+α)εt
)2)∏
i
dεi, (SI-7)
where
η =
kd
αkm
=
γ
1− γ with η ∈ [0,+∞[. (SI-8)
In order to solve the Gaussian integrals, we rearrange the exponent in the partition function as follows:
−βlkm
2
(1 + η
n
) n∑
i=1
ε2i +
η
n
n∑
i,j=1,i6=j
εiεj − 2
n∑
i=1
(εuχi + η(1 + α)εt)εi + ηn(1 + α)
2ε2t + ε
2
u
n∑
i=1
χ2i
 =
−1
2
Aε · ε+ b · ε+ C (SI-9)
where we have introduced
A = βkml

1 + ηn
η
n . . .
η
n
η
n
. . .
...
...
. . .
...
η
n . . . . . . 1 +
η
n
 , (SI-10)
b = {βkml
(
εuχ1 + η (1 + α)εt
)
, . . . , βkml
(
εuχn + η (1 + α)εt
)}T , (SI-11)
ε = {ε1, . . . , εn}T , (SI-12)
3and
C = −βkml
2
(
n η(1 + α)2ε2t + ε
2
u
n∑
i=1
χ2i
)
is a constant energy term. The Gaussian integration of quadratic functions can be solved explicitly (see e.g. [46]
giving ∫
Rn
e−
1
2Aε·ε+b·ε+Cdε =
√
(2pi)n
detA
e
1
2A
−1b·b+C .
Thus, we obtain
ZH = KH
∑
χ
e
βlkm
2
(∑
i
(
εuχi+η(1+α)εt
)
− γn
(∑
i
(
εuχi+η(1+α)εt
))2
−ε2u
∑
i χ
2
i−ηn(1+α)2ε2t
)
with
KH = A l
n
(
2pi
βkml
)n/2
(1− γ)1/2.
We observe that, due to the absence of non-local energy terms, all solutions with the same unfolded fraction χ¯ are
characterized by the same energy. As a result the partition function describing the chain and the apparatus as a
whole is
ZH = KH
n∑
p=0
(
n
p
)
e−
βkmlnγ
2
(
p
n εu−(1+α)εt
)2
. (SI-13)
Notice that the binomial coefficient gives the number of iso-energetic configurations for fixed value of p.
We then deduce that the Helmholtz free energy is given by
F = − 1
β
lnZH
and the expectation value of the force can be obtained as
〈F 〉 = 1
L(1 + α)
∂F
∂εt
= − 1
βL(1 + α)
1
ZH
∂ZH
∂εt
. (SI-14)
Observe that the force-strain relation can be written in the same form of Eq.(11) of the main paper
〈F 〉 = kmγ(εt(1 + α)− εu〈χ¯〉) (SI-15)
after introducing the (temperature dependent) expectation value of the unfolded fraction
〈χ¯〉 = 〈χ¯〉H (β, εt) =
n∑
p=0
(
n
p
)
p
n
e−
βkmlnγ
2
(
p
n εu−(1+α)εt
)2
n∑
p=0
(
n
p
)
e−
βkmlnγ
2
(
p
n εu−(1+α)εt
)2 . (SI-16)
In order to evaluate the expectation value of the macromolecule strain, it is convenient to start from the expression
(SI-7). We have
〈εm〉 = A
ZH
∑
χ
∫
Rn
(
1
n
n∑
i=1
εi
)
e
− βlkm2
(∑
i(εi−εuχi)2+ηn ( 1n
∑
i εi−(1+α)εt
)2) n∏
i=1
l dεi,
where A is given by (SI-6). It is straightforward to show that
1
L(1 + α)
1
ZH
∂ZH
∂εt
= −β km γ
1− γ ((1 + α)εt − 〈εm〉), (SI-17)
4and, thus,
〈εm〉 = (1 + α)εt − 1− γ
kmγ
(
− 1
βL(1 + α)
1
ZH
∂ZH
∂εt
)
= εu〈χ¯〉+ γ
(
(1 + α)εt − εu〈χ¯〉
)
. (SI-18)
with the same form of the mechanical limit in Eq.(12). Finally, we have
〈F 〉 = km (〈εm〉 − εu〈χ¯〉) , (SI-19)
again respecting the results in Eq.(14) of the mechanical limit, with the variation due to the expectation value of χ¯
in (SI-16).
IX. GIBBS ENSEMBLE
Consider now the case of assigned force (soft device). The partition function for the Gibbs canonical ensemble is
ZG = αL
∑
χ
∫
R2(n+1)
e
−β
(
H−F
(∑n
i=1 lεi+αLεd
)) n∏
i
dpi dpd
n∏
i
l dεi dεd.
where the Hamiltonian is defined in (SI-1). We obtain
ZG = A(αL l
n)
∑
χ
∫
R(n+1)
e
−β
(
1
2
∑n
i=1
(
kml(εi−εuχi)2−Flεi
)
+ 12
kd
αL (αLεd)
2−FαLεd
)
n∏
i=1
dεi dεd
= A(αL ln)
∑
χ
∫
R(n+1)
e
− βlkm2
(∑
i
(
(εi−εuχi)2− 2Fkm εi
)
+ 1−γγ n(αεd)
2− 2Fkm nαεd
)∏
i
dεi dεd
= A(αL ln) Im Id
where A has the same value (SI-6) obtained in the case of assigned displacement, we used Eq. (SI-8), Im and Id
correspond to the integration with respect to the εi and εd, respectively. We easily obtain
Id = CG e
βln
2kmγ
(1−γ)F 2 (SI-20)
where we have defined the constant
CG =
1
α
(
2pi(1− γ)
βkmlγn
)1/2
.
On the other hand, the integral Im can be rewritten as
Im =
∑
χ
n∏
i=1
∫
R
e−
βlkm
2 ((εi−εuχi)2− 2Fkm εi)dεi =
(
2pi
βkml
)n/2 ∑
χ
n∏
i=1
e
βl
2km
(
F 2+F 2kmεuχi
)
.
Also in this case, we may observe that, due to the absence of non local energy terms, the energy of the solutions with
the same unfolded fraction is invariant with respect to the permutation of the elements. Thus, we obtain the analytic
expression
Im =
(
2pi
βkml
)n/2 n∑
p=0
(
n
p
)(
e
βl
2km
F 2
)n−p(
e
βl
2km
(F 2+F 2kmεu)
)p
=
(
2pi
βkml
)n/2 n∑
p=0
(
n
p
)
e
βln
2km
(
F 2+F 2kmεu
p
n
)
=
(
2pi
βkml
)n/2
e
βln
2km
F 2
(
1 + eβlεuF
)n
. (SI-21)
Finally, we find the partition function in the Gibbs ensemble:
ZG = KG e
βln
2kmγ
F 2
(
1 + eβlεuF
)n
, (SI-22)
5where
KG = A (αL l
n)
(
2pi
βkml
)n/2
CG .
Based on this result we can deduce the constitutive force-strain relation in the case of assigned force. By using the
definition of average strain (SI-3), we get
〈εm〉 = A (αL l
n) Id
ZG
∑
χ
∫
Rn
(
1
n
n∑
i=1
εi
)
e−
βlkm
2
∑
i((εi−εuχi)2− 2Fkm εi)
n∏
i=1
dεi. (SI-23)
This can be rewritten as
〈εm〉 = A (αL l
n) Id
ZG
∑
χ
1
n
n∑
i=1
i−1∏
j=1
∫
Ri−1
e−β˜h(εj ,χj)dεj
∫
R
εi e
−β˜h(εi,χi)dεi
n∏
k=i+1
∫
Rn−i−1
e−β˜h(εk,χk)dεk

where β˜ = βlkm/2 and
h(ε, χ) =
(
(ε− εuχ)2 − 2F
km
ε
)
.
Thus, we have a product of simple Gaussian integrals (the integral over εi requires an integration by parts). The
solution can be written as
〈εm〉 =
(
2pi
kmβl
)n/2
A (αL ln) Id
ZG
∑
χ
1
n
n∑
i=1
(
1
km
(F + kmεuχi) e
βl
2km
(F 2+2Fkmεuχi) ×
×
i−1∏
j=1
e
βl
2km
(F 2+2Fkmεuχj) ×
n∏
k=i+1
e
βl
2km
(F 2+2Fkmεuχk)
)
=
(
2pi
kmβl
)n/2
A (αL ln) Id
ZG
∑
χ
1
n
n∑
i=1
 1
km
(F + kmεuχi)
n∏
j=1
e
βl
2km
(F 2+2Fkmεuχj)
 . (SI-24)
By simplifying (SI-24) we get
〈εm〉 =
(
2pi
kmβl
)n/2
A (αL ln) Id
ZG
∑
χ
1
n
n∑
i=1
 1
km
(F + kmεuχi)
n∏
j=1
e
βl
2km
(F 2+2Fkmεuχj)

=
(
2pi
kmβl
)n/2
A (αL ln) Id
ZG
∑
χ
( F
km
+ εu
1
n
n∑
i=1
χi
)
n∏
j=1
e
βl
2km
(F 2+2Fkmεuχj)

=
(
2pi
kmβl
)n/2
A (αL ln) Id
ZG
(
n∑
p=0
(
n
p
)(
F
km
+ εu
p
n
)
e
βln
2km
(
F 2+F 2kmεu
p
n
))
. (SI-25)
where in the last equality we followed the same procedure used in (SI-21). Finally, using the final form of the partition
function (SI-22) and the integrals Im, Id we obtain
〈εm〉 = F
km
+ εu〈χ¯〉 (SI-26)
that again has the same form of the molecular response Eq.(14) in the purely mechanical approximation, but in this
case we consider the expectation value of the unfolded fraction 〈χ¯〉 in the Gibbs ensemble
〈χ¯〉 = 〈χ¯〉G (β, F ) =
n∑
p=0
(
n
p
)
p
n
e
βln
2km
(
F 2+F 2kmεu
p
n
)
n∑
p=0
(
n
p
)
e
βln
2km
(
F 2+F 2kmεu
p
n
) = elβεuF1 + elβεuF . (SI-27)
6By definition, the Gibbs free energy is
G = − 1
β
lnZG
and the expectation value of the total strain of the system, which is the variable conjugated to the force, can be
obtained as
〈εt〉 = 1
βL(1 + α)
1
ZG
∂
∂F
ZG . (SI-28)
This leads to
〈εt〉 = 1
(1 + α)
(
F
kmγ
+ εu〈χ¯〉
)
, (SI-29)
where we have used (SI-27), that has the same form of that again has the same form of Eq.(11).
From (SI-26) and (SI-29) we can obtain the relation between 〈εt〉 and 〈εm〉
〈εm〉 = εu〈χ¯〉+ γ
(
(1 + α)〈εt〉 − εu〈χ¯〉
)
. (SI-30)
consistent with Eq.(11) of the mechanical limit.
X. FROM HELMHOLTZ TO GIBBS ENSEMBLES: LAPLACE TRANSFORM
As well known [21], the partition functions in the Gibbs and Helmholtz ensembles are connected by a Laplace transform
with the force F and the total displacement d as conjugate variables. From (SI-13) we have∫
R
ZH e
β Fddd = (1 + α)L
∫
R
ZH e
β
(
F L(1+α)εt
)
dεt
= KH (1 + α)L
n∑
p=0
(
n
p
)∫
R
e
−βln
(
kmγ
2
(
p
n εu−(1+α)εt
)2−F (1+α)εt)
dεt
= KH L
(
2pi
kmlnβγ
)1/2 n∑
p=0
(
n
p
)
e
βln
2kmγ
(
F 2+F 2kmγεu
p
n
)
= KG e
βln
2kmγ
F 2
(
1 + eβlεuF
)n
= ZG , (SI-31)
which is exactly the result obtained in (SI-22). The other quantities 〈εt〉 and 〈εm〉 in the Gibbs ensemble can be
obtained accordingly.
XI. THERMODYNAMICAL LIMIT
In this section we show how to evaluate the expression of the phase fraction expression (SI-16) in the thermodynamical
limit by using the saddle point method [46]. According to previous discussion the dependence of the response from
temperature, device stiffness and discreteness parameter n is measured by the expectation value of the unfolded
fraction, being the other expectation values of mechanical variable related by the same equations Eq.(11), Eq.(12),
Eq.(14).
Since in the Gibbs ensemble, the formula (SI-27) does not depend on n the thermodynamical limit behavior coincides
with the one of systems with finite discreteness. We then need to study only the limit the Helmholtz ensemble 〈χ¯〉 in
(SI-16). To this end, we start considering the function f defined as
f(εt) =
n∑
p=0
(
n
p
)
e−
βkmlnγ
2 (
p
n εu−(1+α)εt)
2
. (SI-32)
Using the Stirling approximation, n! ∼ (ne )n√2pin for n 1, (SI-32) can be written as
f(εt) ' 1√
2pin
n∑
p=0
√
1
p/n(1− p/n) e
n lnn−p ln p−(n−p) ln(n−p)− βkmlnγ2 ( pn εu−(1+α)εt)
2
,
7where we considered both n and p large. To deduce the themodynamic limit, let us introduce the variable x = p/n.
In the limit of large n we obtain
f(εt) '
√
n
2pi
∫ 1
0
√
1
x(1− x) e
−n(S(x)+ βkmlγ2 (x εu−(1+α)εt)2)dx
where we defined the (entropy) function
S(x) = x lnx+ (1− x)ln (1− x).
Finally, for large n we can apply the saddle point approximation. We search for the minimum of the function
S(x) +
βkmlγ
2
( εux− (1 + α)εt)2
which can be found solving the equation
ln
(
x
1− x
)
+ εuβkmlγ ( εux− (1 + α)εt) = 0. (SI-33)
It is easy to see that there exists only one solution χc in the interval ]0, 1[. Thus, we can solve the integral with the
saddle point method by considering the expansion around χc up to the second order as it follows:
f(εt) '
√
n
2pi
∫ 1
0
√
1
χc(1− χc) e
−n(S(χc)− βkmlnγ2 ( εuχc−(1+α)εt)2− 12 (S′′(χc)+βlkmγε2u)(x−χc)2)dx.
By substituting the variable y =
√
n(x− χc) we get
f(εt) '
√
1
2piχc(1− χc) e
−n(S(χc)− βkmlnγ2 ( εuχc−(1+α)εt)2)
∫ √nχc
−√nχc
e−
1
2 (S
′′(χc)+βlkmγε2u)y
2
dy.
In the limit n→∞, we obtain
f(εt) ∼ e
−n(S(χc)+ βkmlγ2 (εuχc−εt(1+α))2)√
1 + βkmlγεuχc(1− χc)
.
Similarly, we can show that
g(εt) =
n∑
p=0
(
n
p
)
p
n
e−
βkmlnγ
2 (
p
n εu−(1+α)εt)
2 ∼ χc e
−n(S(χc)+ βkmlγ2 (χcεu−(1+α)εt)2)√
1 + βkmlγεuχc(1− χc)
.
Finally, we get
〈χ¯〉 = g(εt)
f(εt)
∼ χc(εt). (SI-34)
We can now easily extend previous results in [47] and [48] on the equivalence of the results obtained from Helmholtz
and Gibbs ensembles in the thermodynamical limit also for systems with non convex energies of interest in this paper.
We can rewrite the expectation value of the total strain in the Gibbs ensemble, see (SI-29), as
〈εt〉 = ρ(F ). (SI-35)
On the other hand, we want to show that the expectation value 〈F 〉 in the Helmholtz ensemble converges to F in the
thermodynamical limit. Since in both cases we found the same strain-force relations with the only difference in the
expectation value of the phase fraction, we only need to show that the two expressions (SI-16) and (SI-27) attain the
same limit as n diverges. This can be done by simply verifying that 〈χ¯〉G is the only solution of (SI-33):
ln
( 〈χ¯〉G
1− 〈χ¯〉G
)
+ εuβkmlγ (εu 〈χ¯〉G − (1 + α)〈εt〉) = Flβεu − Flβεu = 0. (SI-36)
8XII. IDEAL CASES
In this section we consider the ideal cases Tipically considered in the literature, when the device effect is neglected
and the displacement (ideal hard device) Or the force (ideal soft device) are directly applied to the unfolding molecule.
In this case εm ≡ εt and the Hamiltonian is
Hideal =
n∑
i=1
1
2m
p2i +
1
2
kml
n∑
i=1
(εi − εuχi)2. (SI-37)
A. Ideal Helmholtz ensemble
Using (SI-37), the partition function in the Helmholtz ensemble for the ideal case is
ZidealH =
∑
χ
ln
∫
R2n
e−βH
ideal
δ
(
l
n∑
i=1
εi − d
)
n∏
i=1
dpi
n∏
i=1
dεi. (SI-38)
The integrals over the momenta result in the constant
AidealH = l
n(2pi)
n
2
(
m
β
)n
2
.
The constraint on the total displacement is imposed by the Dirac delta as it follows:
ZidealH = A
ideal
H
∑
χ
∫
Rn
e−β(
kml
2
∑n−1
i=1 (εi−εuχi)2+ kml2 (εn−εuχn)2)δ
(
l
n−1∑
i=1
εi + lεn − d
)
n∏
i=1
dεi
= AidealH
∑
χ
∫
Rn−1
e
− βkml2
(∑n−1
i=1 (εi−εuχi)2+(
∑n−1
i=1 εi−εuχn−n εm)
2
) n−1∏
i=1
dεi
= AidealH
∑
χ
∫
Rn−1
e−
1
2Aε·ε+b·ε+C
n−1∏
i=1
dεi (SI-39)
where we have introduced
A = βkml

2 1 . . . 1
1 2
...
...
. . .
...
1 . . . . . . 2
 , (SI-40)
b = {βkml (εuχ1 + εuχn + n εm) , ..., βkml (εuχn−1 + εuχn + n εm)}T , (SI-41)
ε = {ε1, ..., εn−1}T , (SI-42)
and
C = ε2u
n−1∑
i=1
χ2i + ε
2
uχ
2
n + n
2ε2m + 2εuχnεm n.
The Gaussian integration can be solved as before in the general case with the presence of the device [46]. We obtain
ZidealH = K
ideal
H
∑
χ
e
βkml
2
(∑n−1
i=1 (εuχi+εuχn+n εm)
2− 1n (
∑n−1
i=1 (εuχi+εuχn+n εm))
2−ε2u
∑n−1
i=1 χ
2
i−ε2uχ2n−n2ε2m−2εuχnεmn
)
with
KidealH = A
ideal
H
√
(2pi)n−1
(βkml)n−1 n
.
9Finally, we obtain the partition function for the ideal case in the Helmholtz ensemble:
ZidealH = KH
n∑
p=0
(
n
p
)
e−
βkmln
2 (
p
n εu−εt)
2
.
Using a procedure analogous to the general case, we deduce the formula for the expectation value of the unfolded
fraction in the ideal case:
〈χ¯ideal〉 = 〈χ¯ideal〉H (β, εt) =
n∑
p=0
(
n
p
)
p
n
e−
βkmln
2 (
p
n εu−εt)
2
n∑
p=0
(
n
p
)
e−
βkmln
2 (
p
n εu−εt)
2
. (SI-43)
B. Ideal Gibbs Ensemble
If we apply a fixed force at the end of the chain of n bistable elements without considering the measuring device we
obtain the case of ideal soft device. By using (SI-37) we can write the partition function in the Gibbs ensemble as
ZidealG =
∑
χ
∫
R2n
e−β(H
ideal−Fl∑ni=1 εi) n∏
i=1
dpi
n∏
i=1
l dεi.
As in the Helmholtz ensemble the integral over the momenta give the constant
AidealG = A
ideal
H = l
n(2pi)
n
2
(
m
β
)n
2
.
The integrals over the strains can be rewritten as
ZidealG = A
ideal
G
∑
χ
∫
Rn
e−
βkml
2
∑n
i=1((εi−εuχi)2− 2Fkm εi)
n∏
i=1
dεi
= AidealG
∑
χ
n∏
i=1
∫
R
e−
βkml
2 ((εi−εuχi)2− 2Fkm εi)dεi. (SI-44)
The solution can be obtained exactly as in Sect. 3. We have
ZidealG = K
ideal
G
n∑
p=0
(
n
p
)
e
βln
2km
(
F 2+2kmεu
p
nF
)
= KidealG e
βln
2kmγ
F 2
(
1 + elβεuF
)n
. (SI-45)
From (SI-45) we can obtain, as in the previous cases, the expectation value of the strain of the molecule and the
expectation value of the unfolded fraction in the ideal case
〈εm〉 = F
km
+ εu〈χ¯ideal〉,
〈χ¯ideal〉 = 〈χ¯ideal〉G (β, F ) = e
βlεuF
1 + e βlεuF
.
